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Among the developmental anomalies of the spine, the congenital mal- 
formations of the occipitocervical area have not called forth the clinical 
attention they deserve, but have been considered until recently as mere 
anatomic curiosities. Systematic roentgenographic studies have resulted 
in the more frequent recognition of such anomalies. With increas- 
ing experience, it has been realized that developmental deformities 
of the occipital bone, atlas and axis are frequently associated with char- 
acteristic neurologic syndromes. In this study, only cases are described 
in which there were neurologic signs, and preference is given to observa- 
tions with complete necropsy or operative verification. 

A close anatomic relationship exists between the bony walls of the 
foramen magnum and the upper portion of the vertebral canal, on the 
one hand, and the cerebellum, medulla oblongata and upper cervical 
portion of the cord, on the other. Accordingly, clinical symptoms are 
referable to the parts of the nervous system just mentioned. 

Three mechanisms may be responsible for the neurologic signs: 
1. They may be produced by bony deformity causing mechanical com- 
pression of the neuraxis. 2. The neurologic syndrome may be the result 
of an associated, though independent, malformation of the nervous 
system and not a direct consequence of the bony lesion. 3. Finally, the 
clinical picture may result from the combination of the two foregoing 
mechanisms. These various possibilities will be illustrated by clinico- 
pathologic observations in 7 cases. 


REPORT OF CASES 


BASILAR IMPRESSION 


Case 1.—Basilar impression. Compression syndrome of the medulla oblongata 
with hemiparesis. Small suboccipital decompression with cervical laminectomy, 
combined with bony fusion. Postoperative death. Complete autopsy. 


From the Department of Surgery, University of Michigan. 

Read before the Detroit Society of Neurology and Psychiatry, Detroit, April 20, 
1939. An abstract of the paper appeared in the December 1939 issue of the 
ARCHIVES, page 1186. 
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L. B., a man aged 21, was admitted on Feb. 11, 1935, having been referred by 
Dr. G. T. Aitkin, Grand Rapids Mich. 


History—In May 1933 (twenty-one months prior to admission), when pitching 
a baseball, he suddenly experienced numbness of the right hand and leg. Two days 
later the right extremities became weak; there developed dizziness and dysphagia 
and also generalized headaches on straining. The patient consulted an orthopedic 
surgeon, who suspected tuberculosis of the upper cervical portion of the spine and 
performed a cervical laminectomy (April 23, 1934). According to his report, 
the upper cervical vertebrae showed sclerotic posterior arches; a fibrous band 
compressing the cord was found, but there was no histologic evidence of tubercu- 
losis. The patient had a stormy postoperative convalescence, during which he had 
to be placed in a respirator on several occasions. A consulting neurologist who 
examined the patient made a diagnosis of Klippel-Feil syndrome combined with 
cervical syringomyelia. Thereon the patient received roentgen therapy, without 
avail. The weakness of the right arm progressed, and the left side also became 
affected. Vomiting occurred repeatedly on coughing. A few weeks prior to the 
present admission, twitching of the muscles of the right side of the neck and 
the right shoulder was observed by the patient. 


Examination.—General physical examination revealed nothing abnormal except 
for an average pulse rate of 90 a minute. 

The patient carried his head stiffly and rotated to the right. His neck was 
unusually short and showed a well healed laminectomy scar. There was facial 
asymmetry. Except for extension, there was marked limitation of all active and 
passive movements of the neck. Right dorsal and left lumbar  rotoscoliosis 
was present. 

There was bilateral horizontal nystagmus, especially to the left. Fibrillary 
twitchings, atrophy and paresis of the right sternocleidomastoid and trapezius 
muscles were noted. There was definite dysphagia with bilateral paresis of the 
constrictor muscles of the pharynx (verified roentgenographically). Motility of 
the soft palate, larynx and tongue was normal, however. Moderate spastic paresis 
of the right arm and leg was present, combined with mild spastic paresis of the 
left leg. The deep reflexes were generally hyperactive, especially on the right side, 
with right knee and bilateral ankle clonus. The abdominal reflexes were absent. 
The gait was characteristic of right spastic hemiparesis, with slight ataxia. 
There was no disturbance of sensation or of sphincter control. 

Roentgenographic Examination (figs. 1 B and 4A and B)!: There was gross 
bony deformity of the atlanto-occipital region with upward displacement and invagi- 
nation of the basiocciput and atlas into the posterior cranial fossa, producing marked 
narrowing of the foramen magnum, especially on the right side. The atlanto- 
occipital articulations were deformed, especially on the right. There was an 
operative defect of the spinous processes of the second, third and fourth cervical 
vertebrae. The dens of the axis was visualized and apparently was not encroaching 
on the neural canal. 

Lumbar Puncture (performed with the patient in the horizontal position): The 
spinal fluid was clear and colorless and under an initial pressure of 140 mm. of 
water, with a partial manometric block on jugular compression. The fluid contained 


1. Since satisfactory reproduction of the original roentgen films proved difficult, 
I have made line drawings to show the roentgenologic changes. Reproductions of 
original films were slightly retouched. 
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3 lymphocytes per cubic millimeter; Nonne and Pandy reactions were faintly 
positive; the colloidal gold curve was 0011000000 and the reactions to the mastic 
and Kahn tests were negative. 


Diagnosis—The diagnosis of a deforming bone lesion of the basiocciput and 
atlas was made; apparently this was a developmental anomaly, so-called basilar 
impression, exerting pressure on the medulla oblongata. 


Operation (March 28, 1935; Drs. E. A. Kahn and L. Yglesias)—The occipital 
bone and upper cervical vertebrae were exposed by a midline incision. The dura 
was exposed over an area corresponding to the third and fourth cervical vertebrae, 
the laminas of which had been removed at the previous operation. The remaining 
posterior arches of the fifth and second cervical vertebrae were removed. The 
posterior arch of the atlas was found to be dislocated far anteriorly and upward 
in front of the posterior rim of the foramen magnum. It was removed, together 
with scar tissue overlying the dura. Part of the occipital bone was rongeured away 
on the left side to enlarge the foramen magnum. Two massive free bone grafts 
from the ilium were anchored on each side next to the midline, extending from the 
occipital bone to the fifth cervical vertebra. 


Postoperative Period—Cheyne-Stokes respiration and complete paralysis of 
deglutition developed, which necessitated nasal feeding. On the third postoperative 
day the patient became irrational and cyanotic, breathing became shallow and the 
pulse rate went up to 134 a minute. The wound was reopened, and blood clots and 
the bone grafts were removed. After temporary improvement, lasting a few hours, 
the patient died of respiratory paralysis. 

Autopsy (fig. 5).—The occipital foramen was found to be markedly narrowed, 
owing to a bony bulge into the posterior fossa, especially on the right. This intra- 
occipital protrusion was almost at the level of the posterior clinoid processes on 
the right side, whereas it was much lower on the left. The anterior arch of the 
atlas was abnormally thick and irregular and was invaginated into the basiocciput, 
especially on the right. On the right side the occipital condyle was absent and 
there was no atlanto-occipital joint, only a ligamentous connection. On the left 
side the atlanto-occipital articulation was present, but poorly developed. The occipital 
bone surrounding the foramen magnum was paper thin, especially on the right. The 
caudal portion of the pons was flattened by the abnormal bony prominence to about 
half its normal diameter. The ventral part of the medulla oblongata also showed 
marked compression and softening. 

Histologic examination of the compressed brain stem revealed degeneration of 
the medullary nuclei, with shrinkage and chromatolysis of ganglion cells, general 
increase of glial tissue and rarefaction of myelin fibers. The cerebellum showed 
diminution in the number of Purkinje cells and glial proliferation. 


Case 2.—Far advanced basilar impression. Syndrome of bulbocerebellar com- 
pression. No verification by biopsy. 

W. F., a man aged 40, was admitted on May 30, 1939, having been referred 
by Dr. F. J. Barkman, Berrien Center, Mich. 


History.—Since early childhood the patient was known to have had articulatory 
difficulty of speech and stiffness of the neck which prevented him from looking to 
one side without turning his body. For the past three or four years there had been 
unsteadiness of gait, staggering and dizziness when he was in the upright position. 
Two years prior to admission swallowing became difficult and salivation excessive. 
Occasionally food regurgitated through the nose. For a considerable time tinnitus 
and bilateral parietotemporal headaches had been present. In the two months 
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prior to admission the unsteadiness of gait progressed and speech became almost 
incomprehensible. There was also a recent attack of nocturnal dyspnea. The patient 
was always mentally below par and indulged heavily in alcohol. 

Examination.—The general physical findings were normal except for an average 
pulse rate of 90 a minute. 

The neurologic examination revealed mental deficiency, with an intelligence 
quotient of 58 and a “mental age” of 8 years and 8 months. The patient was of 
medium size and stocky and had a definitely stigmatized appearance (fig. 6 A and B). 
The skull was dolichocephalic and the occiput unusually bulging. There was 
asymmetry of the facial bones. The facial appearance was that of a faun: The eyes 
were deeply set, the eyebrows bushy and coalescing and the ears protruding. There 
was overdevelopment of the lower jaw, with some prognathism. The neck was 
unusually short and muscular, with the posterior hair line of the head extending 
almost to the level of the shoulders. The head was slightly turned to the left and 


Fig. 1.—A, line drawing of roentgenogram of normal skull in lateral projection 
(see also figure 7A). BA indicates basal angle. A line connecting the posterior 
tip of the hard palate (J) with the posterior superior rim of the foramen magnum 
(3)passes through the anterior rim of the foramen magnum (2). 


B (case 1), basilar impression. Line drawing of a lateral roentgenogram of 
skull. J indicates posterior clinoid process; 2, clivus; 3, invaginated rim of fora- 
men magnum; 4, posterior rim of foramen magnum; 5, anterior arch of atlas; 
6, posterior arch of atlas; 7, odontoid process, and 8, spinous process of axis. 


tipped to the right shoulder. There was cervical lordosis. The peculiar configuration 
of the head and neck was most striking in profile view. The point of suspension of 
the head on the neck appeared to be displaced anteriorly, as if the head were sliding 
forward on the cervical portion of the spine. The skull was pancaked on the 
cervical part of the spine and covered with its bulging occiput the spinous processes 
of the upper three cervical vertebrae. All movements of the neck were markedly 
limited, especially rotation and lateral inclination. 

Examination of cranial nerves showed coarse horizontal and vertical nystagmus. 
The pupils, extraocular muscles and fundi revealed no significant changes, nor 
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was there involvement of the fifth, seventh, eighth and eleventh cranial nerves. The 
soft palate showed definite paresis, especially on the right, with diminution of 
palatal and gag reflexes. Speech was extremely dysarthric, with a nasal twang 
(rhinolalia aperta). It also had a somewhat explosive, “cerebellar” note. The 
patient swallowed well. (This was confirmed by roentgen examination.) There 
was no paresis of the vocal cords. The tongue showed definite atrophy, fibrilla- 
tions and weakness, especially on the right. The extremities showed slightly 
diminished tone. There was moderate cavus deformity of both feet. A nevus of 


Fig. 2—A and B (case 2), basilar impression. Lateral roentgenogram of the 
skull. 4 is a reproduction of the original film and B, a line drawing. 

C and PD (case 7), mild basilar impression (platybasia), and assimilation of 
atlas to occiput. Lateral roentgenogram of skull. C is a reproduction of original 
film and D, a line drawing. Explanatory numbers correspond to those in figure 1 B. 


sebaceous glands was present on the right arm. Motor power of the extremities 
was excellent, but there was static and kinetic ataxia of both arms and legs. 
Diadokokinesis of the hands was slightly slowed, and there was a suggestive rebound 
phenomenon on the left. Station was unsteady, with a tendency to fall toward the 
left. Gait was ataxic-asynergic (“cerebellar”). There was hyperactivity of the deep 
reflexes. Mayer’s reflex was absent bilaterally, but otherwise no pathologic reflexes 
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were elicited. Vibratory sensation of the distal parts of the right lower extremity 
was slightly diminished and position sense of the right toes slightly impaired, but 
no other sensory changes could be demonstrated. 

Roentgenographic Examination (figs. 2A and B and 4C and D): Roentgeno- 
grams revealed an extreme degree of basilar kyphosis of the skull, which thereby 
showed a markedly reduced vertical diameter. The extreme invagination of the 
basiocciput was associated with cranial displacement of the cervical portion of 
the spine and with considerable reduction of the size of the posterior fossa. 
The upper cervical vertebrae showed no change except for hypoplasia and possible 
spina bifida of the posterior arch of the atlas. 

Lumbar Puncture (with the patient in the recumbent position): The spinal 
fluid was clear and colorless and under a pressure of only 50 mm. of water. 
There was a partial manometric block. The fluid contained no cells. The Pandy 
reaction was weakly positive; the total protein measured 27 mg. per hundred cubic 
centimeters ; the Nonne-Apelt, the colloidal gold, the mastic and the Kahn reactions 
were negative. 

Myelographic Study: Injection of iodized poppyseed oil revealed partial obstruc- 
tion of the neural canal at the posterior margin of the foramen magnum. The oil 
entered the anterior basilar cisterns, outlining the bony deformity, but failed to 
fill the posterior cistern. 

Diagnosis——The diagnosis was far advanced basilar impression, with signs of 
bulbar and cerebellar compression, and mental deficiency. It was felt that the 
condition had progressed too far to justify surgical intervention in the absence 
of grossly increased intracranial pressure. The feeblemindedness of the patient 
was an additional contraindication to operation. 


ASSIMILATION OF ATLAS WITH DEVELOPMENTAL DISLOCATION OF 
ATLAS ON AXIS 


Case 3.—Congenital fusion of atlas and occiput with anterior dislocation of atlas 
on axis. Compression syndrome of high cervical portion of cord. High cervical 
laminectomy. Postoperative death. Complete autopsy. 


J. R., a boy aged 6, was admitted on Nov. 4, 1936, having been reterred by 
Dr. O. H. Freeland, Mason, Mich. 

History.—Shortly after birth it was noted that the child held his head turned 
to one side. At the age of 6 months a generalized convulsion was observed, and 
five similar seizures occurred subsequently, at yearly intervals. Four months prior 
to admission the child became awkward with his hands, which disability progressed 
rapidly. Two months before admission he began to stumble and to drag both 
legs. The weakness of the upper extremities had increased to the extent that 
finally the boy was unable to raise his arms over his head. There were no 
complaints of pain or sensory or sphincteric disturbances, nor were mental changes 
observed. 

Examination.—The boy was of average mentality. The skull appeared to be 
small in comparison with the face, although it could not be called microcephalic. 
The facial configuration was similar to that in oxycephaly: The eyes were bulging, 
the malar bones were flat and there was a prominent “parrot beak” nose. The 
neck was unusually short. The patient carried his head stiffly and tipped toward 
the right shoulder, avoiding active movements. There were considerable limitation 
and pain when passive and active movements of the neck were attempted, especially 
on anteflexion. 
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The retinal veins were somewhat congested, but no other changes of the ocular 
fundi were noted. Horizontal nystagmus was present to the left. Corneal reflexes 
were diminished bilaterally. There was questionable paresis of the soft palate 
bilaterally. Both sternocleidomastoid muscles were underdeveloped, if not atrophic, 
especially on the right. The muscles of all extremities were slightly hypoplastic. 
A moderate degree of tetraparesis with considerable spasticity was present. Weak- 
ness and stiffness were most pronounced in the proximal segments of the right 
upper extremity. The legs were less spastic and paretic. There was exaggeration 
of all deep reflexes with bilateral Hoffmann, Babinski and Rossolimo signs and 
suggestive ankle clonus, yet the abdominal reflexes were preserved. Some incoordi- 
nation existed in the upper extremities which was not explainable by the moderate 
degree of paresis. Careful examination revealed no sensory disturbances. The 
patient’s gait was markedly spastic-paretic and a trifle unsteady. 

Roentgenographic Examination (fig. 7B): The digital markings of the skull 
were increased. There was a developmental anomaly of the upper three cervical 
vertebrae. The atlas was dislocated slightly upward and more so forward; it 
appeared to be fused with the occipital bone. The posterior arch of the atlas was 
incompletely developed. The bodies of the second and third cervical vertebrae 
were fused, and the odontoid process was poorly visualized (hypoplastic?). The 
skull with the assimilated atlas was anteriorly dislocated on the axis, resulting 
in narrowing of the neural canal between the malformed odontoid process and 
the posterior arch of the atlas. 

Diagnosis —The diagnosis was a congenital anomaly of the occipitoatlantoaxial 
region with anterior dislocation of the skull and atlas on the axis and resultant 
medullary (or high cervical) compression. 

Operation (Nov. 27, 1936; Dr. S. Braden).—Through a midline incision, the 
occipital bone and the laminas of the upper three cervical vertebrae were exposed. 
The atlas was slightly rotated to the right and markedly displaced forward so 
that its posterior arch was inside the foramen magnum. The posterior rim of 
the foramen magnum was removed. After the dura was opened, the upper cervical 
part of the cord bulged prominently, as though there was a lesion anterior to it. 
However, exploration of the anterior surface revealed no definite anomaly. The 
cord felt soft and cystic in the region of the first and second cervical segments, 
but aspiration yielded no fluid. A small incision was made in the midline of 
the cord, revealing softening without other pathologic change. In closing the 
wound, the dura was left open for purposes of decompression. Shortly after 
operation respiratory difficulties developed. Although the patient was put into a 
respirator, he died six hours after operation. 

Autopsy.—The foramen magnum was much smaller than normal. The anterior 
arch of the atlas showed bony union with the occiput, at the atlantooccipital articu- 
lation. The articulating facet of the atlas with the odontoid process was malformed. 
The axis showed malformation and hypoplasia of the odontoid process, which 
consisted of a small piece of cancellous bone connected with the body of the axis 
by a layer of cartilaginous tissue, 3 mm. in thickness. The rudimentary odontoid 
process was displaced above and behind the anterior arch of the atlas, instead 
of articulating with it. The body of the axis was situated in a position normally 
occupied by the dens. Instead of the normal “shoulder and neck relation” of the 
dens to the body of the axis, the axis had a “round-shouldered” appearance in 
that there was gradual sloping from the rudimentary dens to the superior articular 
processes. The erlarged space between the anterior arch of the atlas and the 
diminutive dens was filled by fibrous tissue. 
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Since the odontoid process lay almost 1 cm. posterior to the anterior arch of 
the atlas, the cord was definitely compressed at this level. The vertebral arteries had 
a normal location. The upper cervical part of the cord was edematous and showed 
an operative incision posteriorly, at the level of the dens. The central parts of 
the cord in this area revealed fresh and old hemorrhage and softening. 

Histologically, the lesion of the cord showed signs of compression, with recent 
operative trauma, namely, marked congestion, recent hemorrhage and_ patchy 
retrogressive changes in the white matter. In the cerebrum there were wide- 
spread shrinkage and degeneration of ganglion cells with swelling’ of the oligo- 
dendroglia in the white matter, but no vascular changes. 


Fig. 3.—A, line drawing of roentgenogram of normal skull in occipital pro- 
jection. B (case 6), line drawing of a roentgenogram in occipital projection, 
showing assimilation of atlas to occiput. 

1, indicates foramen magnum; 2, internal auditory meatus; 3, petrous bone; 
4, posterior arch of atlas; 5, odontoid process; 6, transverse process of atlas, and 
7, superior articular facet of axis. 


CAsE 4.—Fusion of atlas and occiput and of spinous processes of atlas and axis. 
Severe compression syndrome at level of second cervical segment. Decompression 
laminectomy. Operative fatality. Complete necropsy. 

G. M., a man aged 21, was admitted on March 23, 1937, having been referred 
by Dr. S. L. DeWitt, Grand Haven, Mich. 

History.—At the age of 9 years the patient noticed gradually progressive weak- 
ness of the left leg. At the age of 11 the right leg became similarly involved. 
One year later severe occipital pains appeared, which were increased by exertion 
and were associated with some dizziness. When the patient was 14 years old 
both legs were so weak and stiff that he could hardly walk without support. 
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Examination at that time showed spastic paraparesis of the legs with slight 
weakness and awkwardness of the upper extremities. A minor injury at one 
time was followed by sudden temporary paralysis of all extremities. The patient 
was first examined at the University Hospital on July 17, 1931. Severe spastic 
paresis of both legs and mild paresis of the left arm were then found. He could 


Fig. 4.—Basilar impression. Roentgenograms in occipital projection. 


and B (case 1), reproduction of original film, (4) and line drawing (B). 

C and D (case 2), reproduction of original film (C) and line drawing (D). 
1 indicates petrous bone; 2, elevated basiocciput ; 3, lateral mass of atlas; 4, odontoid 
process; 5, body of axis, and 6, superior articular facet of axis. 


walk only a few steps. Nystagmus was also noted. Shortly after discharge from 
the hospital (in July 1931) he was in an automobile accident, and his entire 
body below the neck became temporarily numb and paralyzed for half an hour. 
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Aiter this episode, the weakness of the limbs progressed and urinary incontinence 
appeared. Beginning in 1932, when the patient was 16, respiratory distress was 
noted, and the weakness of the left arm increased. In 1935, at the age of 19, 
sweating became abolished. In 1936, at the age of 20, the patient had attacks of 
vomiting after meals, and there was progressive weakness of the right arm. 
Shortly before admission he began to complain of difficulties in swallowing and 
increased respiratory embarrassment. 

Examination (March 27).—The patient had a pulse rate of 90 a minute, with 
sinus arrythmia; the respiratory rate was 20, the blood pressure 102 systolic and 


Fig. 5 (case 1).—Autopsy specimen, showing basilar impression with marked 
narrowing of foramen magnum. 


80 diastolic. He was asthenic and undernourished and had to be examined in the 
sitting posture because of marked orthopnea. His mentality was average (intelli- 
gence quotient 83). The head was of normal size and the neck unusually short 
and thick, but the remainder of the body showed hypoplastic, infantile proportions 
(fig. 104). The face was expressionless, with pale seborrheic skin and bilateral 
epicanthus. The head was tipped to the right shoulder and slightly rotated to the 
left. The cervical portion of the spine showed increased lordosis. Passive and 
active rotation, especially to the right, was markedly limited, and lateral inclina- 
tion was impossible; flexion and extension of the head were only slightly impeded. 
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There was horizontal nystagmus bilaterally, especially to the left. There was 
no weakness of the palate, larynx or tongue. The right sternocleidomastoid muscle 
was hypertrophic, but its clavicular portion occasionally showed fibrillary twitch- 
ings. The left sternocleidomastoid muscle was less well developed and possibly 
a little atrophic. Active innervation of both sternocleidomastoid muscles was 
powerful, as was that of the posterior muscles of the neck (splenius). The 
muscles supplied by the ansa hypoglossi, however, showed diminished strength, 
since it was possible to prevent the ascent of the larynx in the swallowing act. 
The platysma muscle showed normal function. 

At rest the patient exhibited considerable dyspnea. He breathed chiefly with ~ 
the right sternocleidomastoid muscle, supplemented by the action of the hyoid 
muscles. The thorax showed practically no respiratory play of intercostal 
muscles. At each inspiration the mouth was opened and the head thrown back. 
Talking increased the dyspnea. On forceful volitional inspiration both sterno- 
cleidomastoid muscles, the hyoid muscles, the scaleni and the diaphragm (demon- 
strated by percussion) showed good contractions. On sudden expiratory thrust 
the diaphragm contracted bilaterally. Fluoroscopic examination revealed definite, 
though slightly limited, diaphragmatic excursions. 

The hypoplastic upper extremities were held in semiflexed position with the 
hands pronated and the fingers flexed. Both arms, especially the left, were 
extremely spastic and paretic. The trapezius and rhomboid muscles and the 
levators of the scapulas retained better power than the other muscles of the shoulder 
girdle and upper extremities. Deep reflexes of the upper extremities were extremly 
exaggerated, especially on the left, with bilateral hand and finger clonus. Cutaneous 
stimulation of the ulnar border of the palms produced bilaterally slow dorsiflexion 
of the second to the fifth fingers and adduction of the thumb (Juster’s reflex). 

There was moderate kyphosis of the dorsal portion of the spine. The hypoplastic 
trunk muscles were spastic and paretic, especially on the left. Curiously, abdominal 
reflexes of clonic character were obtained bilaterally on gentle cutaneous stimu- 
lation, this response probably being a transmitted deep reflex. 

The wasted lower extremities were held in extension and showed marked 
spasticity with complete volitional paralysis. Deep reflexes of the lower extremi- 
ties were extremely exaggerated, with bilateral knee and ankle clonus and positive 
Babinski, Oppenheim, Mendel and Rossolimo signs. 

The patient exhibited unusually marked reflex synergias bilaterally. These 
were most striking when the skin of the fourth cervical dermatome was stimu- 
lated with a piece of ice: There were powerful ipsilateral abduction, elevation and 
external rotation of the arm, flexion of the forearm, pronation of the hand and 
flexion of the fingers. Simultaneous contraction of the ipsilateral trunk muscles 
pulled the body to the stimulated side, and typical flexor (“defense”) synergia 
of the ipsilateral leg occurred also. Tonic nuchal reflexes on the extremities were 
not obtained. 

Sensory examination revealed no definite disturbances of superficial tactile, pain 
and temperature sensation. There was, however, bilateral impairment of position 
sense in the fingers and toes, especially on the left. Vibratory sense and recogni- 
tion of numbers written on the skin were slightly disturbed below the second 
cervical dermatome bilaterally. 

There was spastic paresis of the vesical and rectal sphincters, with an “auto- 
matic bladder.” The skin was dry, due to abolition of thermoregulatory sweating. 


An unusual degree of dermatographism was present. 
Roentgenographic Examination: Roentgenograms (figs. 7 C and D and 9 B) of 
the neck showed that the occipital condyles were fused with the anterior arch of the 
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atlas and articulated anteriorly and laterally with the body of the axis. There was 
marked anterior dislocation of the skull and atlas on the axis. The axis was dis- 
placed so far backward that the odontoid process was close to the posterior rim of 
the foramen magnum. The posterior arch of the atlas was fused with the spinous 
process of the axis. The bony deformity produced marked narrowing of the neural 
canal at the level of the dens and was also responsible for the considerable cervical 
lordosis. 


Fig. 6—A and B (case 2), photographs of gmtient with advanced basilar 
impression. 
C and D (case 7), photographs of patient with mild basilar impression. 


Lumbar Puncture (with the patient in the sitting posture): The spinal 
fluid was clear and colorless and under a pressure of 240 mm. of water; there 
was no manometric block. The fluid contained no cells; the Pandy reaction was 
slightly positive; the total protein measured 44 mg. per hundred cubic centimeters ; 
the colloidal gold curve was 012210000, and the mastic and Kahn reactions were 
negative. 
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Diagnosis—A diagnosis of developmental anomaly was made, with assimilation 
of the atlas to the occiput, fusion of the spinous processes of the atlas and axis 
and anterior dislocation of the atlas on the axis, resulting in severe compression 
of the cord at the level of the second cervical segment. With misgivings, an 
exploration of the cord was decided on. 


Operation (April 14, 1937; Dr. E. A. Kahn).—With the use of local anesthesia 
and the patient in the sitting posture, the occipital bone and the laminas of the 
upper four cervical vertebrae were exposed by a midline incision. The lateral 
processes of the atlas were abnormally large, and the spinous processes of the 
upper two cervical vertebrae appeared to be fused. After removal of the posterior 
rim of the foramen magnum and of the laminas of the atlas and axis, the dura 
was opened. The spinal cord was found to be exceedingly thin and compressed 
at the level of the odontoid process. Here the cord had become a mere fibrous 
band. The medulla oblongata, above, and the cervical portion of the cord, below 
the lesion, were normal in size and appearance. The compressed portion of the 
cord was sharply angulated by the posteriorly dislocated dens of the axis. At first it 
was not realized that this presenting narrow, fibrous band could be the spinal cord. 
It was finally recognized as such after the operator had incised it laterally to 
about half of its diameter. The cord at that point measured 3 mm. in width 
and 2 mm. in anteroposterior diameter. An attempt was made to remove the 
lateral, most prominent, part of the displaced odontoid process. 

After the exposure and incision of the cord the patient continued to talk and 
respiration was only slightly more labored than before. Fifteen minutes later, 
however, respirations suddenly ceased and consciousness was lost, the pulse 
continuing for several minutes. 


Autopsy —On opening the surgical incision, the odontoid process of the axis 
was found to protrude and incline far posteriorly, thus narrowing the sagittal 
diameter of the foramen magnum to less than 1 cm. and markedly compressing 
the spinal cord. The basilar portion of the occipital bone was thick and in bony 
fusion with the anterior arch of the atlas. The posterior arch of the atlas and 
axis had been removed by the surgeon. The left inferior facet of the atlas was 
smooth, flat and oval and pointed posteriorly; the convex surface of the right 
inferior articular facet was roughened by synovial thickening and arthritic changes. 
The odontoid process was shortened and rose only 6 mm. above the superior 
articular facets of the axis. Instead of the normal “shoulder and neck” relation 
between the dens and the body of the axis, there was gradual sloping off from 
the dens to the articular facets. Because of the abnormal atlantoaxial joint, 
the skull deviated slightly to the right and downward on the axis. A large 
amount of dense fibrous tissue firmly fixed the odontoid process to the base of the 
skull, but no transverse ligament was present. The right upper articular facet 
of the axis faced more forward than upward and was situated almost on the 
body of the axis; the left superior facet was directed forward and to the side, 
being situated above the transverse process. The vertebral arteries entered the 
spinal canal at the level of the axis, instead of normally, at the atlas. 

The spinal cord tapered 1.5 cm. below the inferior olive to a fine strand 
of tissue, which could not be differentiated definitely from the meninges. This 
structure passed slightly to the right of the posterior summit of the dens. The 
severely injured portion of the cord measured about 2 cm. in length. The normal 
structures of the cord became recognizable again at the level of the second or 
third cervical segment, although the entire spinal cord below the area of compres- 
sion appeared to be abnormally small. The cerebrum, cerebellum and medulla 
oblongata showed no macroscopic changes. 


a 


Fig. 7.—A, roentgenogram of cervical portion of normal spine in lateral pro- 
jection. Line drawing. 

B (case 3), partial assimilation of atlas to occiput and dislocation of atlas on 
axis. Line drawing of lateral roentgenogram of skull. 

C and D (case 4), extreme dislocation of atlas on axis and partial fusion of 
atlas with occiput and axis. Lateral roentgenogram of cervical portion of spine. 
C, reproduction of original film and D, line drawing. 


1 indicates posterior clinoid process; 2, clivus; 3, anterior rim of foramen 
magnum ; 4, posterior rim of foramen magnum; 5, anterior arch of atlas; 6, posterior 
arch of atlas; 7, odontoid process; 8, spinous process of axis; 9, internal auditory 
meatus; 10, occipital condyle; JJ, transverse process of axis; 12, body of axis, 
and 13, superior articular facet of atlas. 
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Histologic studies revealed nearly complete absence of neural elements at the 
level of the compression. In the cervical portion of the cord there was prolifera- 
tion of central ependymal cells. There was definite hydromyelia of the low cervical 
and thoracic portions of the cord (fig. 10B and C). 


ARNOLD-CHIARI DEFORMITY COMBINED WITH VARIOUS BONY 
ANOMALIES OF THE CRANIOVERTEBRAL JUNCTION 


Case 5.—Anomalous foramen magnum with assimilation of atlas. Subacute 
block of foramen magnum with signs of tumor of posterior fossa. Arnold's 
deformity of cerebellum disclosed by suboccipital exploration. Removal of hetero- 
topic tissue. Operative recovery, with disappearance of signs of intracranial pres- 
sure and lasting clinical improvement. 

J. F., a man aged 35, was admitted on Oct. 4, 1937, having been referred 
by Dr. O. G. McFarland, North Adams, Mich. 


Fig. 8 (case 6).—Assimilation of atlas to the occiput; partial fusion of axis 
with third cervical vertebra; mobile dislocation of atlas on axis. Line drawings 
of lateral: roentgenograms of cervical portion of spine. 

A 
position; B, posterior dislocation of odontoid process when head is anteflexed. 

Explanatory numbers correspond to those in figure 7. 


fair apposition of odontoid process to anterior arch of atlas in neutral 


’ 


History—Three months prior to admission, after exposure to mumps, the 
patient had a febrile illness with cutaneous rash and orchitis but he did not have 
parotitis. He recovered from this condition and worked again. Three weeks prior 
to admission attacks of severe and throbbing suboccipital pain occurred, which 
increased in frequency and violence. Two weeks before admission he complained of 
orbital pain, diplopia and staggering gait. 

Examination—Physical examination revealed nothing unusual except a blood 
pressure of 144 mm. of mercury systolic and 86 mm. diastolic. 

Neurologic examination was difficult because the patient suffered from severe 
suboccipital pain. In the sitting position, which could be maintained only for a 
short time, the head was carried in a guarded posture, slightly anteflexed and 
tipped to the right shoulder. The neck appeared unusually short. Passive 
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forward flexion of the head was then markedly limited and painful, as were rotation 
and lateral inclination to a lesser extent. There was bilateral suboccipital tender- 
ness on percussion, as well as tenderness over the spinous processes of the upper 
three cervical vertebrae. 

The pupils were narrow and showed limited reaction to light. There was 
acute bilateral papilledema, measuring 1.5 D., with fresh hemorrhages on the 
right. Slight dissociation of horizontal conjugate movements of the eyes with 
questionable paresis of the right sixth nerve was noted. Marked rapid hori- 
zontal nystagmus was present toward each side. Upward gaze was slightly 
limited. There was slight vertical nystagmus upward. Bilateral, predominantly 
left-sided, nerve deafness of mild degree was present. Caloric vestibular stimu- 
lation showed an overactive, but otherwise normal, response on the right and a 
perverted response with vertical nystagmus on the left. There was definite paresis 
of the left half of the soft palate; palatal reflexes were diminished, but all other 
cranial nerves showed normal function (including that of the vocal cords). 

The upper extremities showed mild hypotonicity bilaterally, unsteadiness in 
performing the finger to nose test and slowed diadokokinesis, especially on the 
left. The lower extremities had normal tone, but they showed greater ataxia 
than the arms. Deep reflexes were active and equal; the abdominal reflexes were 
diminished, and a questionable Babinski sign was present on the right. Sensory 
changes were absent. When standing or sitting, the patient was very unsteady 
and tended to fall backward. 

Roentgenographic Examination: The foramen magnum was of unusual form 
and rather large. The posterior arch of the atlas was fused to the occiput. The 
odontoid process of the axis was not visualized. 

Ventriculographic study revealed symmetric dilatation of both lateral ventricles 
and of the third ventricle; the aqueduct and the fourth ventricle were not 
visualized. 

Diagnosis —The diagnosis was obstructive hydrocephalus due to a subacute block 
of the foramen magnum. In view of the anomalous foramen magnum with 
assimilation of the atlas, the presence of an Arnold-Chiari deformity was suspected 
preoperatively. 

Operation (Oct. 11, 1937; Dr. E. A. Kahn).—On exploration with the usual 
suboccipital approach, the posterior arch of the atlas was found to be fused with 
the occiput. The bone surrounding the foramen magnum was abnormal, forming 
a funnel-shaped convex structure, 3.5 cm. in width. The occipital bone, including 


EXPLANATION OF FIGURE 9 


Fig. 9.—A, line drawing of roentgenogram of normal skull in basilar (mento- 
vertical) projection. 

B (case 4), marked dislocation of atlas on axis. Line drawing of roentgenogram 
of skull in basilar projection. 

C and D (case 6), assimilation of atlas to occiput and mobile dislocation of 
atlas on axis. Roentgenogram oi skull in basilar projection. C, reproduction of 
original film, and D, line drawing. Arrow indicates suggestive manifestation of an 
occipital vertebra. 


1 indicates basilar bone; 2, petrous bone; 3, anterior arch of atlas; 4, jugular 


foramen; 5, odontoid process; 6, foramen for vertebral artery; 7, occipital condyle; 
8, body of axis projected into foramen magnum, and 9, posterior arch of atlas. 
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the malformed rim of the foramen magnum (fused posterior arch of the atlas), 
was removed. The dura beneath the bony convexity bulged abnormally. On opening 
the dura, it was found that this bulge was produced by large tonguelike processes of 
cerebellar tissue which arose from the medial aspect of the cerebellar tonsils 
(fig. 11D). These processes were bound together by fine adhesions and pushed 
down into the spinal canal. These was no posterior cistern. The anomalous 
tonguelike processes were pulled up from the spinal canal; they consisted of degen- 
erated, partially cystic tissue, especially on the left. Both these structures were 
excised, with parts of the normal tonsils. The fourth ventricle, the cerebellar 
hemispheres and the cerebellopontile angles were inspected, but no evidence of 
tumor was seen. 


Histologic Examination.—The excised tissue showed hypoplastic cerebellar sub- 
stance and thickened leptomeninges. 


Postoperative Course—The first twenty-four hours was rather stormy, as 
Cheynes-Stokes respiration and cyanosis developed. After a period of hiccup, 
nausea and mental confusion, the patient recovered quickly and was discharged 
three weeks after operation. 

At a check-up examination, fifteen months later, the patient still complained 
of some unsteadiness of gait and slight diminution of vision on the right, but the 
headache had completely disappeared. The objective findings were slight secondary 
optic atrophy bilaterally, slight paresis of the soft palate on the left and bilateral 
horizontal nystagmus. There was also definite paresis of the tongue on the left 
with atrophy (which was not present before operation). The gait was still slightly 
unsteady. 

CasE 6.—Anomalous foramen magnum with assimilution of atlas to occiput. 
Mobile anterior dislocation of atlas on axis, presumably due to maldevelopment of 
ligaments of the dens. Fusion of second and third cervical and seventh cervical 
and first dorsal vertebral bodies. Arnold-Chiari deformity, causing block of fora- 
men magnum. Suboccipital and high cervical decompression. Recovery, with dis- 
appearance of clinical symptoms. 

I. L., a girl aged 14, was admitted on June 10, 1938, having been referred 
by Dr. M. Cooperstock, Marquette, Mich. 

History.—The patient was well until ten months prior to admission, when 
she began to complain of occasional severe suboccipital pains with infrequent, 
nonprojectile vomiting. Four months prior to admission her gait became unsteady 
and the menses ceased. Staggering increased in the last two months, and of late 
she had noticed blurring of vision and a tendency to urinary retention. 


Examination.—Though cooperative, the patient exhibited an unusual emo- 
tional indifference during the examination. Intelligence was somewhat below 
par. Her face was asymmetric, with its midline describing a convex arch to the 
left. The forehead was low, and the eyebrows were contiguous. There was 
malocclusion of the teeth. The neck was short and anteflexed in the lower 
part, whereas the upper segment of the neck was carried in a slightly hyperextended 
posture. There was mild suboccipital tenderness on percussion. Lateral inclination 
of the head and neck was slightly limited, but all other movements were free. 
Moderate upper dorsal kyphoscoliosis was noted. 


There were a coarse horizontal nystagmus to both sides and slight vertical 
nystagmus upward. The ocular fundi were normal. The right sternocleidomastoid 
muscle was less developed than the left, but its power was normal. The inferior 
portion of the right trapezius muscle was also slightly hypoplastic (atrophic? ). 
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Muscular tone and power of the upper extremities were normal. The finger 
to nose test demonstrated slight unsteadiness bilaterally, and there was also 
bilateral dysdiadokokinesis of the hands. The deep reflexes of the upper extremities 
were active, slightly more so on the right. Mayer’s reflex was diminished bilaterally, 
especially on the right. Abdominal reflexes were absent on the right and diminished 
on the left. Muscular tone of the lower extremities was slightly greater on 
the right than on the left, but no motor weakness was demonstrable. The heel to 


Fig. 10—A (case 4), photograph of patient with marked dislocation of atlas 
on axis. 

B and C (case 4), photomicrographs of sections of spinal cord. B, upper cervical 
part of cord just below level of compression, showing severe destruction of neural 
elements and hydromyelia (Iron hematoxylin-Van Gieson stain). C, upper 
thoracic portion of cord, showing hydromyelia (Weigert-Pal myelin stain). 


knee test showed considerable ataxia bilaterally, especially on the left. Diadoko- 
kinesis of the toes was markedly slowed. The knee and ankle reflexes were 
exaggerated, especially on the right. There was a bilateral Babinski sign. 


; 
| 
® 
| 
= 


596 ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


Vibratory sensation was diminished over the right leg, and the postural sense 
of the toes was not quite certain. There were slight difficulties in recognizing 
numbers written on the skin within the second, third and fourth cervical dermatomes 
bilaterally. 

Station was unsteady, with a positive Romberg sign. Gait was also ataxic, with 
absence of associated pendulous movements of the left arm. 

Roentgenographic Examination (figs. 3B, 8A and B and 9C and D): Roent- 
genograms of the skull and spine revealed an abnormally large foramen magnum. 
The atlas was fused to the occiput, and the bodies of the second and third cervical 
and of the seventh cervical and first dorsal vertebra were also fused. The odontoid 
process of the axis failed to contact the anterior arch of the atlas, but was 
slightly dislocated posteriorly, thus diminishing the diameter of the neural canal 
between the dens and the posterior rim of the foramen magnum. The axis 
possessed abnormal mobility, since the odontoid process protruded more posteriorly 
when the head was anteflexed than when it was hyperextended. There was also a 
certain degree of rotation of the skull and atlas on the axis. A basilar projection of 
the skull showed a slight cleft in the basiocciput, suggesting a “manifestation 
of the occipital vertebra.’’ Other roentgenographic findings were: straight lumbar 
portion of the spine, with absence of the lumbosacral angle; incomplete fusion of 
the fifth sacral vertebrae, and juvenile osteochondritis of the dorsal vertebrae. 

Lumbar Puncture: Three spinal punctures were performed. The first puncture 
yielded slightly xanthochromic fluid under an initial pressure of 120 mm. of water 
(with the patient in the horizontal position), and there was pastial manometric 
block on jugular compression. The fluid contained 2 lymphocytes per cubic milli- 
meter, and the total protein content was 43 mg. per hundred cubic centimeters; 
all other reactions were normal. At the second spinal tap the manometric block 
on jugular compression was almost complete, and at the third it was complete. 
On this occasion 2 cc. of iodized poppyseed oil was injected. 

Myelographic Study (fig. 124): The course of the iodized oil was free up 
to the high cervical region; it was arrested at the level of the axis, forming there 
a concave upper margin. Hardly any contrast medium entered the posterior cistern, 
whereas some was visible in the anterior basilar cisterns. At the level of the 
fifth and sixth cervical vertebrae the iodized oil produced surface visualization of 
the spinal cord, demonstrating the sixth and seventh cervical roots and the posterior 
blood vessels of the cord. 


Diagnosis —The diagnosis was multiple developmental anomalies of the spine 
with anomalous foramen magnum; possible manifestation of an occipital vertebra; 
assimilation of the atlas to the occiput; slight anterior mobile dislocation of the 
atlas on the axis, probably due to maldevelopment of the ligaments of the odontoid 
process, and fusion of the bodies of the second and third cervical and of the 
seventh cervical and first dorsal vertebrae. The neurologic picture was inter- 
preted as being due to an Arnold-Chiari deformity rather than to bony compression. 

Operation (July 22, 1938; Dr. E. A. Kahn).—Through a midline incision, the 
suboccipital bone and the upper three cervical vertebrae were exposed. The 
posterior arch of the atlas was in bony union with the occiput, and its distance 
to the axis was increased. The spinous processes and laminas of the axis and 
the third cervical vertebra were found to be also fused. A small suboccipital 
decompression was made, with removal of the posterior rim of the foramen 
magnum, and the posterior arches of the atlas and axis were resected also. After 
opening the dura, the grossly abnormal cerebellar tonsils were seen to extend far 
into the spinal canal below the level of the axis (Arnold’s deformity). The upper- 
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most cervical portion of the cord showed a peculiar prominence of its posterior 
surface, over which an abnormal blood vessel coursed to the right side. This bulge 
was apparently not produced by a dislocated odontoid process, but represented 
heterotopia of the cord (Chiari’s deformity; fig. 11C). A large amount of fluid was 
obtained from the fourth ventricle by separating the cerebellar tonsils. Further 
exploration revealed no evidence of neoplasm. The cervical portion of the cord, 
however, appeared to be slightly enlarged, suggesting the possibility of hydro- 
myelia or syringomyelia, The dura was left open for decompression. 

Postoperative Course ——The patient made an uneventful recovery and was dis- 
charged on the eighteenth postoperative day. Seventeen months after operation, 
the referring physician reported that the patient was in good general health and 
presented no abnormal subjective or objective neurologic signs. 

Case 7.—Platybasia (basilar impression). Assimilation of malformed atlas. 
Partial fusion of posterior arches of second and third cervical vertebrae. Cere- 
bellomedullary syndrome, in part due to Arnold-Chiari deformity. Suboccipital 
decompression and high cervical laminectomy. Wound twice reopened for removal 
of postoperative clot. Recovery, with clinical improvement. 

R. O., a man aged 24, was admitted on Jan. 4, 1939, having been referred 
by Dr. Thomas Schrier, Comstock, Mich. 

History —The patient developed normally until the age of 5 years, when, after 
tonsillectomy, speech became indistinct and nasal. Two years prior to admission 
the gait became unsteady and staggering, the articulatory disturbances increased 
and swallowing became impaired. When he attempted to drink fluids would 
regurgitate through the nose. In the three months prior to admission, the unsteadi- 
ness progressed so much that the patient could hardly walk without support. 
Clumsiness of the hands developed, and the dysarthria and dysphagia increased. 
At the same time, suboccipital headaches occurred whenever he was lying on 
the back of his head or performing extreme motions. On sudden change of posi- 
tion, especially on turning the head quickly, the patient experienced temporary 
dizziness; extreme extension of the head sometimes produced a sensation of 
fainting. 

Examination.—General physical examination revealed nothing abnormal except 
for an average pulse rate of 90 a minute. 

The patient was an intelligent person of normal constitutional type. He showed 
an unusual configuration of the head and neck. The skull was dolichocephalic. 
There was moderate asymmetry of the facial bones. The head was slightly tipped 
to the right shoulder and appeared to slant forward on the cervical portion of the 
spine, so that its center of gravity was displaced too far forward (fig. 6C and D). 
The neck was muscular but was not shortened; it showed increased lordosis 
in the upper portion. The shoulders were slanting and the clavicles fell forward, 
especially on the right. Passive and active rotation and lateral inclination were 
slightly limited, but painless; other movements of the neck were normal. 

The ocular fundi showed slight venous stasis, but normal disks. There was 
marked horizontal and vertical (downward) nystagmus. Conjugate movements 
of the eyes were slightly dissociated both in the horizontal and in the vertical 
plane. On caloric stimulation, the vestibular responses were hyperactive, though 
symmetric. The soft palate showed marked paresis on the right and slight weakness 
on the left; correspondingly, palatal and pharyngeal reflexes were abolished on 
the right and diminished on the left. There was hypesthesia of the right side 
of the pharynx. Speech was dysarthric and markedly nasal (rhinolalia aperta). 
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There was some dysphagia also, but the motility of the larynx was normal. The 
tongue showed fibrillations, atrophy and paresis, especially on the right. There 
were questionable atrophy and weakness of the upper portion of the right trapezius 
muscle, but the right sternocleidomastoid muscle was normal. 

The upper extremities showed moderate hypotonicity, whereas the lower extrem- 
ities were mildly spastic in their proximal and hypotonic in their distal portions. 
Motor power of the arms was normal, but there was mild predilection paresis 
of the lower extremities, especially on the left. The feet assumed a varoequinus 
posture. Moderate static and kinetic ataxia was present in the upper extremities. 
The lower extremities exhibited marked static and kinetic ataxia, especially on 
the right. Diadokokinesis of the toes and of the left hand was slowed. There 
was spontaneous past pointing of both arms to the left. Deep reflexes were 
generally exaggerated with bilateral ankle clonus and Babinski, Rossolimo and 
Hoffmann signs. Mayer’s reflex and the abdominal reflexes were absent. Force- 
ful innervation of one lower extremity produced synkinetic movements in the other 
leg and also in both arms. 

Sensory examination revealed inability to recognize writing on the skin below 
the trigeminal area bilaterally. Stereognosis of both hands was impaired. Vibra- 
tory sensation was diminished below the clavicles and absent over the legs. Position 
sense of the fingers was slightly disturbed and that of the toes markedly so. Impair- 
ment of the sensations of touch, pain and temperature was minimal and occurred 
only over the lower extremities (without a sharp upper level). Station was 
very unsteady and Romberg’s sign positive. Gait was broad based and extremely 
ataxic, without constant lateral deviation. The ataxia was characterisic of dis- 
turbance both of the cerebellum and of the posterior columns, the component 
referable to the latter being particularly noticeable in the right leg. 

Roentgenographic Examination (fig. 2C and D.): There were gross anomalies 
of the base of skull and the upper cervical portion of the spine; the clivus was 
elevated almost to a horizontal position, thus forming a basilar angle of 170, 
instead of the normal 130 degrees. The region of the foramen magnum was 
anomalous, in part due to the platybasia, in part due to fusion of the atlas with 
the occipital bone: The heavily developed anterior arch of the atlas was assimilated 
to the basiocciput and condylar masses. A thin shelf of bone attached to the 
posterior rim of the foramen magnum represented the fused hypoplastic posterior 
arch of the atlas. The cervical portion of the spine appeared invaginated into the 
posterior fossa and showed increased lordosis in its upper part. The odontoid 
process of the axis showed a normal relation to the atlas. There was possibly par- 
tial bony fusion between the posterior arches of the second and third cervical 
vertebrae. A small spina bifida of the posterior arch of the first sacral segment 
was also noted. 

Lumbar Puncture (with the patient in the horizontal position): The spinal 
fluid was clear and colorless and under an initial pressure of 170 mm. of water. 
On jugular compression there was partial manometric block. There were 2 
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Fig. 11—Operative observations in cases of developmental anomalies of the 
craniovertebral border. A (case 7), assimilation of posterior arch of atlas to 
occiput; B (case 7), peculiar configuration of cerebellar dura produced by Arnold- 
Chiari deformity; C (case 6), combined Arnold-Chiari malformation, and D 
(case 5), Arnold’s anomaly of cerebellum. 
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lymphocytes per cubic millimeter. The Pandy reaction was positive. The total 
protein measured 50 mg. per hundred cubic centimeters. All other reactions were 
negative. 

Myelographic Examination (fig. 12B): Iodized poppyseed oil was stopped 
at the level of the axis. The contrast oil outlined a smooth soft tissue mass at 
the posterior aspect of the cord without entering the posterior cistern, whereas 
the anterior basilar cisterns were partially filled. The myelographic picture 
was similar to that in case 6 and was interpreted as indicating the Arnold-Chiari 
deformity. 

Diagnosis —The diagnosis was congenital anomaly of the base of the skull and 
the upper cervical portion of the spine, consisting of platybasia, fusion of a mal- 
formed atlas with the occiput and possible partial fusion of the posterior arches of 
the second and third cervical vertebrae. The neurologic picture was partially 


Fig. 12—Myelographic picture of the Arnold-Chiari deformity. 

A (case 6), line drawing of cervical portion of spine in lateral projection, and 
B (case 7), line drawing of cervical portion of spine in oblique projection. Arrow 
indicates filling defect caused by the deformity. 


explained by bony compression of the medulla at the anterior rim of the foramen 
magnum. On the other hand, it was also caused by a soft tissue block of the 
posterior part of the foramen magnum, presumably the Arnold-Chiari deformity. 

Operation (performed on Feb. 7, 1939 by Dr. C. F. List).—Through a midline 
incision the occipital bone and the upper three cervical vertebrae were exposed. 
There was no independent posterior arch of the atlas. Instead, the occipital bone 
showed an abnormal configuration in that it formed a peculiar funnel-shaped 
extension covering the cervical portion of the dura. This was obviously the 
assimilated atlas (fig. 114). There was also an abnormal relation between the 
second and the third cervical spinous process, which were very close together, 
though not in bony fusion. The lamina of the third cervical vertebra was 
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malformed. A suboccipital decompression of moderate size was made, with 
extensive removal of the posterior rim of the foramen magnum. The laminas 
of the second and third cervical vertebrae were removed also. The exposed cere- 
bellar dura showed an unusual bulge in the midline extending to the level of the 
axis, and there was additional lobulation of the right cerebellar hemisphere, caused 
by a bony spur (fig. 11B). Below the median cerebellar lobe there was a 
circular fibrous reenforcement of the dura, which appeared to constrict the cord. 
This was incised and relaxation cf the dura obtained. The dura was opened only by 
a small incision over the posterior cistern to decompress the posterior fossa 
by evacuation of fluid. This procedure improved much the patient’s respiration, but 
at that time it was felt safer not to open the dura widely. From the peculiar 
configuration of the cerebellar dura the diagnosis of Arnold’s deformity was made, 
since in case 5 such a condition gave an identical appearance. 

Postoperative Course —Convalescence was stormy. On the second postoperative 
day increasing paresis of the arms and dysarthria developed. The wound was 
reopened and a large postoperative blood clot removed, whereon the patient’s con- 
dition improved. Three days later the same symptoms recurred. The wound was 
opened again, but this time only a minor clot was found. The further course was 
complicated by severe dysarthria and dysphagia, which necessitated nasal feeding. 
Purulent tracheobronchitis and left pneumonitis developed, but this condition 
cleared under tracheal suction, and finally the wound healed, without infection. 
The patient was discharged four weeks after operation. Lumbar puncture revealed 
still at that time a mild degree of partial manometric block. 

Check-up examination, one year after operation, showed some improvement as 
compared with the preoperative condition. The patient stated that he was working 
regularly as a farmer. Headaches, dizziness and dysphagia had completely dis- 
appeared. Speech was clearer and the gait steadier. There was practically no 
ataxia of the arms. Spasticity of the legs, however, was slightly increased 
Sensory disturbances, especially for deep sensation, had slightly regressed. 


COMMENT 
BONY DEFORMITIES 

The bony deformities present in these cases may be summarized 
as follows: 

1. Malformation of the occipital foramen; basilar impression (platy- 
basia). 

2. Fusion of the atlas with the occiput; malformation of the atlas. 

3. Fusion of other cervical vertebrae ; malformation of these vertebrae. 


4+. Abnormal position of the axis in relation to the occiput and atlas. 

In order to understand anomalies of the occipital bone, atlas and 
axis, it is necessary to review briefly the embryonic development of 
these structures (fig. 13). 

The posterior part of the skull (occipital bone) is formed by fusion 
of primarily metameric bone segments, that is, by coalescence of three or 
four occipital sclerotomes, which correspond to the three primary roots 
of the hypoglossal nerve. The most caudal of these sclerotomes, the 
so-called proatlas, retains a certain independence, but loses its identity 
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later, when it becomes united with the proximal parts. Failure of fusion 
of this last occipital sclerotome with the remaining occipital segments 
has been termed “manifestation of the occipital vertebra” (JXollmann ?; 
Gladstone and Erichsen-Powell*). A suggestion of this condition is 
found in the roentgenogram in case 6 (fig. 9C and D). 

The atlas is formed by three elements, viz., the caudal half of the last 
hypoglossal (occipital) sclerotome and the cranial and caudal semiseg- 
ments of the first cervical sclerotome. The body of the atlas is lost 
early ; it furnishes the main mass for the odontoid process. The anterior 
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SCLEROTOMES OCCIPUT ATLAS AXIS 


Fig. 13.—Schematic drawing to show ontogenetic development of occiput bone, 
atlas and axis. 


The hatched bar represents the craniovertebral boundary. 


The occipital squama and proatlas are drawn as viewed from below, and the 
atlas and axis, as viewed from above. 

In this drawing, a@ indicates ossiculum terminale of odontoid process, derived 
from proatlas; b, odontoid process, representing original body of atlas, and c, axis, 
sensu strictiori. 


arch of the atlas, a remainder of the hypochordal arch, usually contains 
one median center of ossification; in other instances there are two sym- 


2. Kollmann, J.: Varianten am Os occipitale, besonders in der Umgebung des 
Foramen magnum, Anat. Anz. 27 (supp.) :231-236, 1905. 

3. Gladstone, R. J., and Erichsen-Powell, W.: Manifestation of Occipital 
Vertebrae and Fusion of the Atlas with the Occipital Bone, J. Anat. & Physiol. 
49:190-209, 1914-1915. 
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metric areas of ossification, or rarely there is none. The lateral masses 
and the transverse processes are formed by a large center of ossification 
on each side. The median cleft in the posterior arch resulting from this 
development is normally closed at the end of the first decade of life. 
Nonfusion of the posterior arch (spina bifida posterior) is of rather 
common occurrence. Geipel* found 35 cases of posterior spina bifida 
of the atlas among 1,136 autopsies (in more than 3 per cent). Occa- 
sionally the seemingly absent posterior arch of the atlas may be fused 
with that of the axis. 

Fusion (Assimilation) of Atlas with Occipital Bone.—Another 
common anatomic variation is the partial or complete fusion of the 
atlas with the occipital bone. The frequency of this condition varies 
with the statistics of different authors. Tramontano-Guerritore ° found 
41 cases of atlanto-occipital fusion among 1,475 adult skulls (2.70 per 
cent) ; Lombroso © observed the deformity in 0.84 per cent of his skulls, 
Legge‘ in 0.64 per cent (780 skulls), Odnoralow * in 0.54 per cent 
(1,500 skulls) and Monteiro and Travares * in only 0.08 per cent (1,176 
skulls ). 

The genesis of atlanto-occipital fusion has been much discussed in the 
anatomic literature of the last two centuries.’° There are several possible 
causes responsible for bony union of the atlas with the occiput: In a 
small group of cases fusion is the result of a pathologic process (such as 
arthritis or tuberculosis) occurring in fetal or in early postnatal life 
(Sommer,'! Virchow,'* Le Double '*). In accordance with Bézi’s ** 


4. Geipel, P.: Zur Kenntnis der Spina bifida des Atlas, Fortschr. a. d. Geb. d. 
Roéntgenstrahlen 42:583-589 (Nov.) 1930; Zur Kenntnis der Spaltbildung des 
Atlas und Epistropheus, ibid. 46:373-402 (Oct.) 1932; 52:533-570 (Dec.) 1935. 

5. Tramontano-Guerritore, G.: Die Atlanto-occipital-Union, Anat. Anz. 64: 
173-184 (Nov. 15) 1927. 

6. Lombroso, cited by Sommer.?! 

7. Legge, F.: Intorno ad alcune anomalie dell’articolazione occipitoatlantoidea, 
Arch. di psichiat. 4:384, 1883. 

8. Odnoralow, N.: Zur Frage uber die Verwachsung des Atlas mit dem 
Hinterhauptsbein, Russk. arkh. anat. 10:113-133, 1931. 

9. Monteiro, H., and Travares, A.: Fréquence de l’occipitalisation de l’atlas 
chez les portugais, Compt. rend. Soc. de biol. 99:960-961, 1928. 

10. First mention of this condition was made by R. Columbus in 1752 (cited by 
Le Double 1°). 

11. Sommer, W.: Atlasankylose und Epilepsie, Virchows Arch. f. path. Anat. 
119: 362-371, 1890. 

12. Virchow, R., cited by Bystrow.1$ 

13. Le Double, A. F.: Traité des variations de la colonne vertébrale de l’homme, 
Paris, Vigot fréres, 1912. 

14. Bézi, I.: Assimilation of Atlas and Compression of Medulla: Clinical 
Significance and Pathology of Torticollis and Localized Chronic Arthritis 


Deformans of Spine; Report of Case, Arch. Path. 12:333-357 (Sept.) 1931. 
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suggestion, the condition in such cases may be designated as (patho- 
logic) synostosis of the atlas with the occiput. Some authors (Schiff- 
Glaesmer,’® Heidsieck *) expressed the belief that intrauterine 
trauma, viz., pressure on the hyperextended fetal head, is an important 
factor in the development of the deformity. In the majority of cases, 
however, the condition undoubtedly occurs on a purely developmental 


15 


ner, 


basis and represents a variation in the craniovertebral boundary 
(Bystrow '*). With Bezi, one may refer to this type as assimilation of 
the atlas to the occiput. 

The assimilated atlas tends to assume the morphologic characteristics 
of the proatlas; yet it can be differentiated from the “manifestation of an 
occipital vertebra” (Gladstone and Erichsen-Fowell *). 

An assimilated atlas frequently shows maldevelopment, spina bifida 
or even absence of its posterior arch. 

The axis is a complex structure which develops from three primitive 
vertebrae. The second cervical sclerotome furnishes the main mass, 
consisting of a center of ossification for the body and two others for the 
transverse processes and posterior arch. The dens is formed by two 
centers of ossification: The major distal portion represents the original 
body of the atlas, whereas the tip, the “ossiculum terminale,” is derived 
from the body of the proatlas (last occipital vertebra). Anomalous 
development of the axis appears to be less common than that of the 
atlas ; however, cases of spina bifida of its posterior arch, bifid dens and 
partial fusion with the posterior arch of the atlas or of the third cervical 
vertebra (as in case 4) have been described. Fusion of the second and 
third cervical vertebral bodies and of other cervical vertebrae is not rare 
(cases 3 and 6). 


oe 


Basilar Impression (Platybasia)—The described anomalies per se 
have little pathologic significance and, as a rule, produce no clinical symp- 
toms. In a number of cases, however, malformations of the cranioverte- 
bral boundary eventually lead to dislocation of the bony structures and 
thus to encroachment on the neural canal. If, for instance, the basiocciput 
is underdeveloped or too soft, the thin bone surrounding the foramen 


15. Schiffner, C.: Ueber die Architectur des Schadelgrundes in der Norm und 
bei Assimilation des Atlas, Virchows Arch. f. path. Anat. 14:320-360, 1878. 

16. Glaesmer, E.: Die Atlanto-Occipital-Synostose, Anat. Anz. 36:129-148, 
1910. 

17. Heidsieck, E.: Neue Beitrage zur Frage der Grenze zwischen Schidel und 
Wirbelsaule beim Menschen, Anat. Anz. 72:113-163 (June 13) 1931.; 

18. Bystrow, A. P.: Morphologische Untersuchungen tiber die Occipitalregion 
und die ersten Halswirbel der Saugetiere und des Menschen; die Assimilation des 
Atlas und deren phylogenetische Bedeutung, Ztschr. f. Anat. u. Entwcklngsgesch. 
102: 307-337, 1933; Assimilation des Atlas und Manifestation des Proatlas, Ztschr 
f. d. ges. Anat. (pt. 1) 95:210-242 (May 25) 1931. 
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magnum is mushroomed into the posterior cranial fossa by counterpres- 
sure of the unyielding cervical portion of the spine exerted against the 
weight of the skull in the upright posture (figs. 1 B, 2.4 and B and 5). 
A deformity results, called basilar impression, which has been described 
in detail by Boogard,'® Virchow *° and Grawitz *! and was first diagnosed 
clinically by Schiiller.2? Further clinico-pathologic cases have been 
reported by Homén,** Sinz,** Kecht,*’ Krause,** Merio and Risak,* 
Juhlin-Dannfelt,?* Ebenius,*” Chamberlain,*® and others. 

In this condition, the basiocciput (1. e., the distal portion of the clivus 
and the lateral rim of the foramen magnum) becomes markedly thinned, 
often like paper, and bulges into the posterior cranial cavity. This pro- 
trusion may reach the plane of the posterior clinoid processes, the basal 
angle being thus increased from the normal 115 to 140 degrees to 180 
degrees or more.*! Because of the resultant flattening of the base of the 
skull, the minor grades of basilar impression have been also termed 
“platybasia” (fig. 2C and D). 


19. Boogard, J. A.: Basilar Impression: Its Causes and Consequences, Nederl. 
tijdschr. v. geneesk. 2:81-108, 1865. 


20. Virchow, R.: Beitrage zur physischen Anthropologie der Deutschen, mit 
besonderer Beriticksichtigung der Friesen, Berlin, F. Dummler, 1877. 
21. Grawitz, P.: Beitrag zur Lehre von der basilaren Impression des Schadels, 


Virchows Arch. f. path. Anat. 80:449-474, 1880. 

22. Schuller, A.: Zur Roentgen-Diagnose der basalen Impression des Schadels, 
Wien. med. Wehnschr. 61:2594-2599 (Sept. 30) 1911. 

3. Homén, E. A.: Zur Kenntnis der rachitischen (?) Deformationen der 
Schadelbasis und der basalen Hyperostosen, Deutsche Ztschr. f. Nervenh. 20:3-15, 
1901. 

24. Sinz, P.: Unterentwicklung des Hinterhaupt- und Keilbeinkérpers mit 
gleichzeitiger knécherner Verbindung zwischen Atlas und Schadel als Todesursache, 
Virchows Arch. f. path. Anat. 287:641-650, 1933. 

25. Kecht, B.: Zur Kenntnis der Klinik eines Falles von basilarer Impression, 
Ztschr. f. d. ges. Neurol. u. Psychiat. 141:132-140, 1932. 

26. Krause, F.: Chirurgie des Gehirns und Riickenmarks, Berlin, Urban & 
Schwarzenberg, 1911, vol. 2, pp. 556-558. 

27. Merio, P., and Risak, E.: Klippel-Feilsches Syndrom, basilare Impression 
und endokrine Erkrankungen, Ztschr. f. klin. Med. 126:455-468, 1934. 

28. Juhlin-Dannfelt, C.: Platybasia, Svenska 1ak.-tidning. 30:470-473 (May 5) 
1933. 

29. Ebenius, B.: The Roentgen Appearance in Four Cases of Basilar Impression, 
Acta radiol. 15:652-656, 1934. 

30. Chamberlain, W. E.: Basilar Impression (Platybasia): A Bizarre Develop- 
mental Anomaly of the Occipital Bone and Upper Cervical Spine with Striking 
and Misleading Neurologic Manifestations, Yale J. Biol. & Med. 11:487-496 
(May) 1939, 

31. I follow here the definition of the basal angle as given by Schiiller (Roent- 
gendiagnostik der Erkrankungen des Kopfes, in Nothnagel, H.: Specielle Pathologie 
und Therapie, Vienna, A. Hélder, 1912, supp., pp. 80-81). It is formed by the 
plane of the clivus and that of the planum sphenoidale. 


bo 


i 
4 


606 ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


The foramen magnum is considerably narrowed by the bony protru- 
sion. The atlas, which may be hypoplastic or malformed, lies in close 
approximation to, or is actually fused with, the occipital bone. Its 
superior articular facets usually are malformed or have undergone 
secondary arthritic changes. The intracranial invagination of the cer- 
vical portion of the spine brings the odontoid process into or above the 
level of the foramen magnum, which is thereby further narrowed (fig. 
4A, B, C and D). In some cases the dens was dislocated forward, 
beneath the clivus, producing extreme hyperextension (lordosis) of the 
entire cervical portion of the spine (Schiller **). 

The real cause of basilar impression is unknown, but probably 
congenital maldevelopment or hypoplasia of the basiocciput accounts for 
the condition in most cases. Postnatal diseases, such as rickets, osteitis 
deformans, osteomalacia and hydrocephalus, have been incriminated as 
etiologic factors in some instances, without much proof. 

Basilar impression is also interesting from the anthropologic and 
ethnologic points of view (Virchow *°). Survey of the literature reveals 
that most cases occurred in inhabitants of the coastal lowlands of 
northern Europe (Netherlands, northwestern Germany and Sweden). 
Although I could not definitely ascertain the racial origin of my patients, 
they were apparently all of Northern European (Caucasian) stock, and 
at least 1 of them (case 7) was of Netherlandish descent. 

Anterior Dislocation of Assimilated Atlas on Axis——When the 
atlas is fused with the occiput, a different tvpe of deformity may 
occur. In this condition the odontoid process frequently is mal- 
formed or hypoplastic or its ligaments are absent. An abnormal trans- 
verse ligament, especially, permits pathologic mobility of the dens. 
Consequently, the odontoid process tends to separate from the anterior 
arch of the atlas and thus by its posterior dislocation narrows the neural 
canal. When the atlas is firmly united with the skull, the force of gravity 
appears to increase this dislocation, as the assimilated atlas tends to 
slide farther forward on the axis. The malformed posterior arch of the 
atlas may also be slightly displaced upward and anteriorly so that it lies 
within the foramen magnum and in front of the posterior rim of the 
latter. The result of all these changes is a definite narrowing of the 
neural canal at the foraminal level, with the medulla or uppermost cer- 
vical part of the cord wedged between the posteriorly (and upward) 
dislocated dens and the posterior rim of the foramen magnum (or 
posterior arch of the atlas). In some cases the dislocation becomes 
fixed, as a result of secondary arthritic and periarthritic changes * (my 
cases 3 and 4 and Bézi’s case; figs. 7B, C and D and 9B); in other 
instances, it remains mobile (case 6; figs. 8A and B and 9C and D). 
Since fusion of the atlas with the occiput may be unilateral, or at least 
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more pronounced on one side, there may be secondary rotation and 
lateral tilting of the atlas with compensatory torsion and asymmetry 
of facial bones (Grisel and Apert,*? Dwight **). 

Patients with anomalies of the occipitoatlantoaxial region present a 
characteristic clinical appearance (figs. 6.4, B, C and D and 104). 
Most of them have an unusually short neck with a low hair line, reaching 
sometimes to the shoulders. When not only the atlas but other cervical 
vertebrae are fused, the head seems to stick between the shoulders, an 
appearance which has been termed homie sans cou (“man without a 
neck”) by the French authors Klippel and Feil. Occasionally, cases 
of cervical block vertebrae combined with basilar impression have been 
reported (Merio and Risak;** suggested also in my case 7), thus 
confirming the interrelation of the two developmental anomalies. Asym- 
metric fusion of the atlas or of other cervical vertebrae may be suspected 
if one observes torsion or lateral tilting of the head with asymmetry 
of the face. Most patients exhibit hyperextension of the cervical por- 
tion of the spine (lordosis), which may become so extreme in certain 
cases of basilar impression that the occiput seems to rest on the posterior 
aspect of the neck. As a rule, passive as well as active movements of the 
head are extremely limited or even impossible; this holds true par- 
ticularly for rotation and lateral inclination, whereas flexion and exten- 
sion are usually better performed. The limitation of movement is caused 
by the bony lesion or fixed dislocation rather than by protective muscle 
spasm. In infrequent cases, active and passive mobility of the head is 
surprisingly good, considering the degree of deformity. The bony 
changes per se do not cause pain. 


THE NEUROLOGIC SYMPTOMS 

It was stated previously that the neurologic symptoms either are 
caused by the bony deformities or are a manifestation of associated 
developmental changes in the nervous system or are produced by the 
combination of the two. Among the signs caused by mechanical pres- 
sure, one may distinguish those referable directly to compression of the 
pons, medulla oblongata or high cervical part of the cord and the indirect 
signs of increased intracranial pressure resulting from an obstructed 
foramen magnum. 

Signs Associated with Basilar Impression—In this condition the 
ventral surface of the pons and medulla oblongata is flattened or indented 
by the bulging invagination of the basiocciput. The ascent of the cervical 


32. Grisel, P., and Apert, E.: La synostose occipito-atloidienne congénitale, 
Presse méd. 41:397-400 (March 11) 1933. 

33. Dwight, T.: The Diagnosis of Anatomical Anomalies Causing Malposition 
of the Head and Distortion of the Face, J. M. Research 12:17-40 (July) 1904. 
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portion of the spine through the foramen magnum further encroaches 
on the medulla. Since the tentorium is practically rigid, the reduced 
space of the posterior fossa causes general compression of the cerebellum 
as well. 

The neurologic picture, therefore, consists of bulbar and cerebellar 
signs. There are palsies of the lower (ninth to twelfth) cranial nerves 
and usually involvement of the ventrally situated pyramidal tracts. 
Cerebellar signs are due partly to direct compression and partly to 
foraminal obstruction (cases 2 and 7). If the bony deformity is more 
marked on one side, ipsilateral lesion of cranial nerves is combined with 
ipsilateral or contralateral signs of involvement of the pyramidal tracts 
(case 1). In some instances pressure on the anterolateral tracts led to 
dissociated sensory disturbances of syringomyelic type (Schiiller,”? 
Chamberlain 

The considerable narrowing of the foramen magnum obstructs the 
ventricular and subarachnoid outlets at the foraminal level, resulting in 
internal hydrocephalus. Beginning foraminal obstruction may be clini- 
cally suspected when headaches and dizziness occur, especially on change 
of posture or on exertion (case 7). In advanced lesions all signs of a 
neoplasm in the posterior fossa may be present (Juhlin-Dannfelt,** 
Ebenius °"). As in other instances of long-standing hydrocephalus, 
secondary hypothalamohypophysial signs, such as adiposogenital dys- 
trophy and polyuria, have been observed (Merio and Risak **). 

Signs Associated with Anterior Dislocation of Assimilated Atlas on 
Avis.—In this condition the point of maximal compression is situated 
at the level of or slightly beneath the foramen magnum. The distal part 
of the medulla or the first cervical segment of the cord is squeezed 
between the protruding dens and the posterior rim of the foramen (or 
posterior arch of the atlas). At operation I have repeatedly observed a 
definite groove on the posterior aspect of the cord produced by the 
posterior arch of the atlas. 

The clinical picture, therefore, is mainly that of high cervical com- 
pression with slight, or more often without, involvement of cranial 
nerves. Only the spinal accessory nerve may be damaged. A combina- 
tion of mild tetraparesis with ataxia and nystagmus is characteristic of 
the moderately advanced forms (case 3); hence it is not surprising that 
occasionally the erroneous diagnosis of multiple sclerosis or cerebellar 
heredoataxia is made. As a rule, muscle tone is only slightly increased, 
but the deep reflexes are markedly exaggerated and signs referable to 
the pyramidal tracts are present. Pareses are usually mild and are 
more pronounced in the lower extremities. The same is true for the 
ataxia, which has the character of cerebellar incoordination rather than 
that of a disturbance of the posterior columns. Although subjective 
paresthesias are not uncommon, objective changes of sensation are rarely 
demonstrable, or are slight. 
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With advanced lesions (case 4) the neurologic picture approximates 
the syndrome of severe transverse lesion of the high cervical portion 
of the cord. A high degree of spastic tetraparesis is found. All deep 
reflexes, including those of muscles supplied by the upper cervical seg- 
ments, are increased. Hoffmann’s sign may be exaggerated to a finger 
clonus, and one may be able to demonstrate a cutaneous palmar response 
analogous to the Babinski phenomenon of the foot, viz., Juster’s reflex. 
Interesting are various reflex synergias which in these cases can be 
elicitied by nociceptive cutaneous stimulation below the level of the 
lesion. In my observations in case 4, for example, stimulation of the 
fourth cervical dermatome evoked a typical ipsilateral spinal mass reflex 
consisting of flexor “defense” synergia of the trunk and extremities. 
Similar synergic movements could never be performed by purely voli- 
tional impulses. It is noteworthy that the medullary lesion was not 
high enough to liberate tonic nuchal reflexes. 

Of unusual interest are the disturbances of respiration associated with 
advanced lesions. The high site of compression causes bilateral supra- 
nuclear paresis of respiratory muscles. Forceful volitional breathing ts 
accomplished mainly by auxiliary muscles, such as the sternocleido- 
mastoids, the scaleni, the levatores scapulae and the muscles supplied 
by the ansa hypoglossi. During quiet spontaneous (automatic) respira- 
tion the diaphragm still shows considerable function, whereas the inter- 
costal muscles may be cempletely paralyzed. It is a matter of conjecture 
whether in similar cases spontaneous respiration can be maintained as a 
purely spinal automatism, without participation of higher levels. 

ven in cases of the most advanced lesions sensory function is 
surprisingly little disturbed. The spinothalamic qualities of pain and 
temperature may be practically normal, whereas the sensations mediated 
by the posterior columns show some impairment. Evidently, the 
posterior columns are more exposed to direct bony pressure than are 
the anterolateral tracts. A level may be demonstrable only for vibratory 
sensation and the ability to recognize skin writing (case 4). 

The syndrome of high cervical compression is completed by vegeta- 
tive disorders, such as supranuclear paresis of the bladder and rectum, 
absence of thermoregulatory sweating and cephalic pilomotor response 
over the entire body and a tendency to tachycardia. 

In contrast to basilar impression, dislocation of the atlas on the axis 
rarely produces complete block of the foramen magnum with subsequent 
development of intracranial hypertension. Mild foraminal obstruction, 
however, may occur and can be recognized by subjective symptoms, such 
as headaches and dizziness on exertion. The presence of nystagmus 
also possibly indicates interference with the circulation of cerebrospinal 
fluid at the foramen. Necropsy in such cases may reveal internal hydro- 
cephalus and dilatation of the lateral pontile cisterns (compare Bézi’s™ 
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case). On the other hand, lumbar puncture shows that interference 
with the circulation of cerebrospinal fluid usually is not severe. Even 
in cases of advanced lesions, case 4, for example, only a partial mano- 
metric block and a slight increase in the total protein content of the spinal 
fluid could be demonstrated. 

In the older literature (Sommer,"! Solbrig,** Anton the question 
was much discussed whether narrowing of the foramen magnum and 
compression of the medulla could account for the comparative fre- 
quency of convulsive attacks in these cases. A critical review of 
Solbrig’s “* observations in 10 cases revealed that there was definite 
bony encroachment on the medulla in only 4 instances. It is conceivable 
that temporary interference with the blood supply of the brain stem, 
caused by compression or stretching of the vertebral and basilar arteries, 
may be a factor in the causation of convulsive seizures. In some cases 
coincidental anomalies of the cerebral hemispheres may account for the 
attacks (case 3) and also for the relatively high incidence of mental 
deficiency (cases 2 and 6). 

Developmental Anomalies of Nervous System —This leads to dis- 
cussion of that group of cases in which the neurologic symptoms are 
the result of independent developmental anomalies of the nervous system. 
I shall limit myself to the description of certain congenital malformations 
of the cerebellum and medulla (the Arnold-Chiari deformity) and 
dysraphic conditions, such as hydromyelia and syringomyelia. 

Arnold-Chiari Deformity: Arnold’s deformity is a heterotopic dis- 
placement of cerebellar tissue into the spinal canal. Schwalbe and 
Gredig ** and Ernst ** distinguished various degrees of this malforma- 
tion. In 1 case in which the deformity was extreme (Straussler **) 
cerebellar tissue was displaced into the central canal of the cord and 
extended caudally as far as the lumbar region. In the most common 
variety, a long tonguelike process of cerebellum covers the posterior 
aspect of the medulla and upper cervical part of the cord (my cases 5, 6 

34. Solbrig: Ueber die Verengerung des Einganges des Wirbelkanals in den 
mit Epilepsie oder epileptiformen Krampfen verbundenen Seelenstérungen, Allg. 
Ztschr. f. Psychiat. 24:1-10, 1867. 

35. Anton, G.: Ueber die Bedeutung der Synostose des ersten Halswirbels 
mit dem Hinterhaupte bei Epilepsien, Deutsche Ztschr. f. Nervenh. 89:2-9 (Jan.) 
1926, 

36. Schwalbe, E., and Gredig, M.: Ueber Entwicklungsst6rungen des Klein- 
hirns, Hirnstamms und Halsmarks bei Spina bifida, Beitr. z. path. Anat. u. z. allg. 


Path. 40:132-194, 1906. 


37. Ernst, P.: Missbildungen des Nervensystems, in Schwalbe, E.: Die 
Morphologie der Missbildungen des Menschen und der Tiere, Jena, Gustav Fischer, 
1909, vol. 3, pt. 2, no. 2, pp. 228-233. 

38. Straussler, E.: Ueber eine eigenartige Missbildung des Zentralnerven- 
systems, Jahrb. f. Psychiat. u. Neurol. 25:1-56, 1904. 
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and 7; fig. 11D). The base of this formation adheres to the choroid 
tela of the fourth ventricle. The tonguelike process is formed by the 
inferior portion of the cerebellar hemispheres, especially the tonsils and 
the adjacent parts of the vermis. The heterotopic tissue usually shows 
hypoplasia and degenerative change. The mildest form of Arnold's 
deformity consists of an insignificant elongation of the cerebellum, 
resembling an ordinary foraminal pressure cone. Arnold’s malformation 
at least partially occludes the foramen magnum and thus is liable to 
produce obstructive hydrocephalus, which in turn tends to enhance the 
deformity by increased foraminal herniation. 

Chiari’s deformity is a peculiar bulging or kinking of the posterior 
part of the medulla against the spinal cord. One will gain a better 
understanding of this anomaly if one considers the medulla oblongata 
and the spinal cord as two columns of plastic material which, owing to 
faulty development, undergo a shift toward each other. The upper 
column, represented by the medulla, is displaced dorsally and downward, 
whereas the lower column, the cervical portion of the cord, resists this 
shift at its ventral aspect. Thus, a posterior bulge is produced. 


Chiari’s deformity is frequently combined with Arnold’s malforma- 
tion (fig. 11 C), both being commonly observed in cases of spina bifida 
with myelomeningocele and hydrocephalus (Russel and Donald,*” 
Penfield and Coburn *° and D’Errico *!). These authors also emphasized 
the abnormal backward course of the upper cervical nerve roots and 
of the lower cranial nerves. Penfield and Coburn explained the 


deformity in their case by purely mechanical traction resulting from 
the scarred meningomyelocele. Even though this explanation is accepted 
as plausible in some instances, the structural changes of the Arnold- 
Chiari deformity suggest rather that this condition is primarily a 
developmental malformation of the hindbrain, at a site where the 
medullary folds close to form the medullary tube. The “teratogenetic 
point of determination” of the deformity, therefore, may coincide with 
the time of closure of the medullary tube or with a slightly later period. 
This is approximately in the third week of embryonic life. It is of 
interest to note that the formation of a spina bifida with myelomeningo- 
cele dates back to the same period of fetal life. 

Clinically, the Arnold-Chiari deformity causes signs of midline 
cerebellar lesion (vestibulocerebellar syndrome), such as bilateral hypo- 
tonicity, ataxia and asynergia, especially of the lower extremities, and 


39. Russel, D. S., and Donald, C.: The Mechanism of Internal Hydro- 
cephalus in Spina Bifida, Brain 58:203-215, 1935. 

40. Penfield, W., and Coburn, D. F.: Arnold-Chiari Malformation and Its 5 
Operative Treatment, Arch. Neurol. & Psychiat. 40:328-336 (Aug.) 1938. " 

41. D’Errico, A.: Surgical Procedure for Hydrocephalus Associated with 
Spina Bifida, Surgery 4:856-866 (Dec.) 1938. 
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nystagmus. The protrusion of cerebellar tissue into the spinal canal 
sooner or later leads to symptoms of block of the foramen magnum; 
they are usually interpreted as being produced by a cerebellar tumor 
(see case 5 and observations of McConnell and Parker **). Obstruction 
of the foramen magnum may be intermittent and incomplete until a 
complicating inflammatory reaction (e. g., that following mumps _ in 
case 5) totally seals off the subarachnoid space. Although Chiari’s 
deformity implies marked distortion of the posterior columns or of their 
nuclei, objective sensory changes may be slight or even absent. 

Dysraphic Conditions: Disturbances of closure of the medullary 
tube, so-called dysraphic disorders (Bremer,** Ostertag **), are fre- 
quently associated with maldevelopment of the skull or spine. The best 
known example is the combination of myelomeningocele and spina bifida. 
There is evidence that the Arnold-Chiari deformity, hydromyelia, certain 
types of syringomyelia and dysontogenetic tumors, such as ependymomas, 
dermoids and lipomas, also belong to this category. I have given three 
clinical examples in which the Arnold-Chiari deformity was associated 
with assimilation of the atlas, developmental dislocation of the atlas on 
the axis and platybasia (basilar impression) (fig. 11.4 and B), 
respectively. Hydromyelia or syringomyelia also may be combined with 
maldevelopment of the spine. Reference is made here to my case 4 
and to Bézi’s '* case of developmental dislocation, in all of which autopsy 
revealed hydromyelia (fig. 10 B and C). One must admit that in these 
particular cases the question could not be decided whether the hydro- 
myelic dilatation of the central canal was really a dysraphic malformation 
or obstructive hydromyelia (similar to obstructive hydrocephalus), 
caused by mechanical compression of the cord above the level of the 
lesion. At any rate, my observations demonstrate that all possible com- 
hinations of various anomalies of the skull, the spine and the nervous 
system may exist. 

In the cases under consideration there may be present a clinical 
syndrome resembling much cervical syringomyelia and yet no such lesion 
be found at operation or autopsy. Anterior or anterolateral compression 
of the medulla or of the high cervical portion of the cord (e. g., in basilar 
impression) may produce dissociated sensory disturbances simulating 
syringomyelia (Chamberlain *°). 

42. McConnell, A. A., and Parker, H. L.: Deformity of Hindbrain Associated 
with Internal Hydrocephalus: Its Relation to Arnold-Chiari Malformation, Brain 
61:415-429 (Dec.) 1938. 

43. Bremer, F. W.: Die pathologisch-anatomische Begriindung des Status 
dysraphicus, Deutsche Ztschr. f. Nervenh. 99:104-123, 1927. 

44. Ostertag, B.: Zur Frage der dysraphischen St6rungen des Rtickenmarks 
und der von ihnen abzuleitenden Geschwulstbildungen, Arch. f. Psychiat. 75:89-143, 
1925. 
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DIAGNOSIS 


The presence of a congenital deformity of the craniovertebral junction 
with neurologic involvement can be diagnosed clinically on the basis 
of the following schematized history and observations: 

An adolescent or young adult *° complains of suboccipital pains, stiff 
neck, unsteady gait and signs of progressive tetraparesis of many 
months’ duration. Examination shows a stigmatized person, with an 
unusually short neck, which is held rigidly fixed in a rotated or 
hyperextended posture. The neurologic findings consist of tetraparesis 
combined with cerebellar signs and nystagmus. Occasionally, symp- 
toms of increased intracranial pressure are prominent. The lower 
cranial nerves may be involved. The usually inconspicuous sensory 
changes may suggest a lesion of the posterior columns, or, less fre- 
quently, they may assume the character of a dissociated syringomyelic 
syndrome. 

Roentgenographic examination establishes a definite diagnosis of 
the bony deformity. Owing to the shortness and immobility of the 
neck, however, it is often difficult to obtain satisfactory roentgenogramis ; 
for instance, it may be impossible to obtain a good anteroposterior 
projection of the upper cervical portion of the spine through the open 
mouth since the atlas and axis are displaced upward. The best diag- 
nostic information is secured from lateral views of the cervical part 
of the spine, from sagittal frontosuboccipital, or, better still, suboccipito- 
frontal, projections (Chamberlain *’) of the skull and from the vertical 
submentobregmatic projection.*® Sometimes roentgenograms of the 
petrous bones in Stenvers’ projection demonstrate well the odontoid 
process. These roentgenograms show the size and shape of the foramen 
magnum and its relation to the atlas and axis. 


The diagnosis of basilar impression (platybasia) is easily made 
from the characteristic roentgenographic findings. In the neurologic 
picture bulbar involvement is striking. Mild forms of platybasia can 
be recognized in lateral roentgenograms of the skull by drawing a line 
from the posterior tip of the hard palate to the dorsal aspect of the 
posterior rim of the foramen magnum. In a normal skull this line 
touches the posterior end of the clivus, but in a case of platybasia the 
latter structure is elevated well above this line (Chamberlain *°) (figs. 1 4 
and B and 2A toD). 

If there is definite anterior dislocation of the assimilated atlas 
on the axis with evidence of marked tetraparesis, it may justifiabiy 

45. There are exceptions to this age rule, however, as I recently operated on a 
61 year old woman with the Arnold-Chiari deformity. 

46. In future, the tomographic method may greatly facilitate the roentgeno- 
graphic examination in these cases, as it removes disturbing shadows of super- 
imposed bony structures. 
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be assumed that the neurologic syndrome is caused solely by mechanical 
pressure on the cord. If, on the other hand, the bony changes, espe- 
cially the posterior dislocation of the odontoid process are only slight, 
the symptoms cannot be explained by mere bony pressure, but may 
be produced by a developmental anomaly of the hindbrain, such as the 
Arnold-Chiari deformity, which obstructs the foramen magnum, or 
sometimes perhaps by associated hydromyelia or syringomyelia. The 
Arnold-Chiari deformity produces signs of low midline cerebellar 
lesion and frequently a syndrome of intracranial hypertension. The 
presence of this malformation is suggested by a very wide or an 
unusual-shaped foramen magnum. Lumbar puncture often shows 
definite subarachnoid block in cases of Arnold-Chiari deformity, whereas 
with simple atlantoaxial dislocation the manometric block is only par- 
tial. Mvyelographic examination gives a characteristic picture in cases 
of the Arnold-Chiari deformity (fig. 121 and B). The iodized oil, 
injected by the lumbar route, stops below the foramen magnum, often 
as low as the axis, and outlines a smooth soft tissue mass covering 
the posterior aspect of the high cervical part of the cord. When 
intracranial pressure is markedly increased and choked disks are pres- 
ent, lumbar puncture and the myelographic procedure are, of course, 
contraindicated and ventriculographic study is advisable. In a recent 
case we succeeded in visualizing the deformity by ventricular injection 
of oxygen. 

The diagnosis of syringomyelia (or hydromyelia) should be made 
only if the sensory changes are striking and of segmental character 
and if motor signs referable to the central gray matter indicate a 
lesion of considerable extent. Here, again, myelographic examination 
may be of diagnostic value in demonstrating signs of intramedullary 
tumor (fusiform widening of the cord; narrowing of the subarachnoid 
space with visualization of the surface pattern). 


TREATMENT 

In cases of occipitoatlantoaxial deformity in which neurologic symp- 
toms are present one must seek two therapeutic objectives: (1) decom- 
pression of the medulla oblongata and the cervical portion of the cord 
and (2) immobilization of the head in relation to the neck. 

The decompression operation consists of the removal of the pos- 
terior rim of the foramen magnum and the posterior (fused) arch of 
the atlas. Resection of the posterior arch of the axis may not always 
be necessary. The dura should be opened for adequate decompres- 
sion.** In cases of basilar impression a typical suboccipital decom- 


47. This was not done in case 7, but in retrospect the postoperative complica- 
tions seemed to justify this omission. 
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pression should be performed, but not extensive cervical laminectomy. 
In cases of the Arnold-Chiari deformity it is rarely necessary to resect 
the abnormal processes of cerebellar tissue, but these structures should 
at least be carefully freed from arachnoid adhesions holding them 
bound to the medulla. It is unwise to incise a softened cord in the 
upper cervical region; only if definite hydromyelia (or syringomyelia ) 
is present is one justified in opening the cavity by incising the posterior 
columns. 

Immobilization of the head and neck is accomplished by fusing 
the occipital bone with the spinous process of the axis or the third 
cervical vertebra by means of a free bone graft. This operation appears 
to be indicated only in cases of mobile dislocation of the atlas on the 
axis. It may be preferable to perform the operation for fusion at a 
second stage. In my series, bony fusion was carried out only in case 
1, in which it was certainly ill advised; fusion was also considered in 
case 6, but because of the excellent result of a simple decompression, 
it has not been performed. 

Operations in cases of occipitoatlantoaxial deformity entail con- 
siderable risk. In my series of 6 patients subjected to operation, 3 
postoperative fatalities occurred, as a result of respiratory failure. In 
the first instance (case 1), one of basilar impression, the attempt at 
occipitocervical fusion appears as an ill chosen procedure in the light of 
present knowledge. This case was the first encountered in this group, 
and therefore the significance of the findings was not fully understood. 
3asilar impression, in general, offers a rather poor surgical prospect, 
since the bony deformity causing anterior compression of the pons 
and medulla cannot be removed surgically. Nevertheless, a fair-sized 
suboccipital decompression may permit the structures in the posterior 
fossa to evade pressure posteriorly and thereby may alleviate signs of 
generally increased intracranial pressure. When basilar impression 
is only of mild degree or is combined with a soft tissue anomaly, such 
as the Arnold-Chiari deformity, the effect of a decompression is much 
more promising (case 7). In the second instance of fatal termination 
(case 3) the softened, enlarged appearance of the cord induced the 
operator to incise the cord, with postoperative hemorrhagic softening 
and death. In the third instance (case 4) compression of the cord 
was extreme, and, in addition, the remainder of the cord was unfor- 
tunately injured during the exposure. If one could with certainty 
have predicted before operation the severe destruction of the cord 
one would have done better to abstain from the operation, but surgical 
intervention was considered a last chance to help the patient. One 
must realize that in cases of such advanced lesions the affected cord 
maintains its function with difficulty and any additional trauma, how- 
ever slight, may result in complete breakdown of the precariously 
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labile equilibrium of function. In contrast to the poor prognosis in 
cases of advanced bony compression of the medulla oblongata and 
cervical portion of the cord, decompression is helpful, if not life saving, 
in cases in which symptoms are mainly caused by a soft tissue block 
of the foramen magnum (cases 5, 6 and 7). In these 3 cases of bony 
deformity combined with the Arnold-Chiari malformation the opera- 
tion had a beneficial result, and the patients were relieved from their 
alarming symptoms. 
SUMMARY 


Neurologic syndromes occurring with developmental anomalies of 
the occipital bone, atlas and axis are described and illustrated by 7 
clinicopathologic cases. This series includes 2 cases of basilar impres- 
sion, 2 cases of dislocation of the assimilated atlas on the axis and 3 
cases of the Arnold-Chiari deformity combined with assimilation of 
the atlas, dislocation of an assimilated atlas on the axis and_ basilar 
impression, respectively. 

The different bony anomalies and variations of the craniovertebral 
border are described in detail, with special reference to the embryonic 
development of the skull and spine. Attention is drawn to secondary 
mechanical factors responsible for the formation of basilar impression 
and of developmental dislocation of the atlas on the axis. The clinical 
appearance of patients with anomalous development of the craniocer- 
vical region is described. 

The associated neurologic syndromes are analyzed in detail. They 
are explained either by mechanical pressure from the bony anomaly 
or by accompanying malformation of the central nervous system or 
by the combination of the two. Secondary signs caused by obstruction 
of the foramen magnum are mentioned. Some observations, particu- 
larly those in case 4, have made it possible to study certain patho- 
physiologic aspects of the syndrome of a transverse lesion of the high 
cervical portion of the cord, such as reflex synergias and disturbances 
in innervation of respiratory muscles. Special consideration is given 
to the Arnold-Chiari deformity of the hindbrain and allied develop- 
mental disorders of the nervous system belonging to the ‘“dysraphic 
state.” 

The essential points are given for the diagnosis of bony and neuro- 
logic anomalies of the craniovertebral border. The importance of 
roentgen examination, especially combined with the use of contrast 
mediums, is emphasized. The surgical treatment in the group of 
cases reported is discussed, operative indications are given and reasons 
for failure are analyzed. 
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CONVULSIVE PHENOMENA PRODUCED BY A NEW 
METHOD OF REMOTE EXCITATION 


FREDERICK A. FENDER, M.D. 
SAN FRANCISCO 


This report is based on a series of 125 experiments on 50 dogs in 
which electrical stimulation was carried out by remote excitation. In 
ach case the stimulating electrode was placed below the cortex. The 
subject in each case was intact, unanesthetized and, except when experi- 
mental conditions demanded certain alterations, normal. + The object 
of the experiments was to observe convulsions thus produced. 


METHOD 

Remote electrical excitation—that is, stimulation of selected portions 
of the central and peripheral nervous system in an animal that is con- 
scious, free to move about and in normal condition—has now been in 
use for six years. The method appears to me to have certain advantages. 
Probably it has not received the attention it deserves. The forerunner 
of the method was described in 1932 by Hess.‘ This investigator 
implanted electrodes in the brain ot experimental animals with leads 
that were accessible for electrical connection after operation. He was 
able to provide electrical stimulation of conscious, intact subjects. “ How- 
ever, some restraint was implied by the necessity of having a connection 
or connections attached to the subject. Also, wires leading through 
the integument are apt to lead to infection of wounds. 

In collaboration with Dr. W. J. Merle Scott, at the Rochester Uni- 
versity School of Medicine, I had produced and used apparatus that 
allowed electrical stimulation without the necessity of leading wires 
through the integument ? when Light and Chaffee, who had been work- 
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1. Hess, W. R.: Beitrage zur Physiologie des Hirnstammes: I. Die Methodik 
der lokalisierten Reizung und Ausschaltung subkortikaler Hirnabschnitte, Leipzig, 
Georg Thieme, 1932. 

2. Fender, F. A.: A Method for Prolonged Stimulation of the Nervous 
System, Am, J. Physiol. 116:47, 19306. 
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ing on their device ior a longer period, published the details of a worka- 
ble method accomplishing the same end.* 

In the past three years changes have been made that represent 
advances. Dr. Henry Newman suggested using high frequencies for 
the transmission of the stimulating current and then rectifying to obtain 
the modulating frequency in the secondary, embedded unit. With the 
aid of Dr. William Saunders, a workable device employing this sugges- 


Fig. 1—The primary coil and cage are seen at the left. Behind is the condenser 
bank of the main “tank” circuit. The oscillator and power equipment are in the 
center, and the control desk is at the right. Ropes and pulleys make it possible 
to pull the large coil up out of the way for access to the cage. 


tion was developed. A number of others have cooperated in solving 
troublesome technical problems. 

The primary coil of the apparatus now in use consists of ten round 
turns of 3¢ inch (0.95 cm.) copper tubing placed about an octagonal 
cage (fig. 1). These are on nine oak rails, 3 inches (7.6 cm.) separating 
3. Chaffee, E. L., and Light, R. U.: A Method for the Remote Control of 
Electrical Stimulation of the Nervous System, Yale J. Biol. & Med. 7:83, 1934. 
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adjacent turns. The coil has a diameter of 6 feet + inches (193 cm.) 
and the cage in its greatest diameter is 3 feet 10 inches (117 cm.). The 
spacing 1s in the interest of a uniform field. 

Details of the wiring diagram and apparatus are given in the illustra- 
tions (fig. 2) in such a fashion that the exact setup may be duplicated 
by any one. The services of some one familiar with radio practice 
will be required, however, for final tuning of the apparatus. 

The secondary unit consists of three circuits, each composed of a 
coil, condenser and rectifier. Small triple rectifier units are supplied 
commercially. These are connected, as shown, to the condenser, which 
may be made in one’s own laboratory or which may be purchased. The 
condensers and the rectifier units are connected and placed inside a 


RFC 


Fig. 2—Diagram of wiring for primary unit. Power is supplied by a 110 or 
220 volt, 60 cycle main and may be raised to 3,500 volts by a transformer. A 
“Variac” transformer is interposed to provide flexibility. 1: indicates ten turns 
of 3g inch copper tubing 6 feet 4 inches (193 cm.) in diameter; L2, fifty turns of 
Y% inch (1.27 cm.) copper ribbon 6 inches (15.24 cm.) in diameter; 7, RCA 806; 
Ri, 25,000 ohms ; R2, 10,000 ohms ; 4, 0-15 RFC ammeter; Ci, 0.002 microfarad; C2, 
0.003 microfarad, and Cs, 0.0009 microfarad. 


bakelite capsule. Coils of fifty to sixty turns then are wound in three 
planes on the outside of the bakelite form. These are at right angles 
to one another. Connections are made as shown (figs. 3 and 4), and 
eventually the terminals are brought out. One, the positive pole, is 
connected to a silver plate, which should be approximately 2 by 2 cm. 
The other, a stigmatic electrode, is simply the enameled copper wire 
which has been bared for a distance of 1 mm. at its end and coated with 
solder. Over the unit a rubber capsule is cemented (fig. 5). The 
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number of turns in each coil is derived by direct tuning. The coil on 
the periphery of the bakelite form is of course the most efficient, and 
its efficiency must be artificially reduced so that the output of all three 
coils is approximately the same. In practice, one tests each set sepa- 
rately, adding or taking off turns until uniformity of output is achieved. 


Fig. 3.—Details of construction of the secondary unit. Three condensers are 
wired, with leads brought out for connection with the three coils (right). The 
common leads, to be connected to stimulating terminals, are at the left. The 
three coils are wound about the assembled unit. 


in ™ 


L 
Fig. 4—Diagram of wiring for secondary unit. FR is the triple rectifier unit; 


C, 0.001 microiarad; L, approximately sixty turns of 24 gage, enameled copper 
wire, 


The primary unit may be said to provide an electromagnetic field 
having a frequency of 430 kilocycles, self modulated at 60 cycles. The 
effective stimulus is a 60 cycle pulsating current. 

As the method is employed, one goes through the following steps: 


Sterilization of the secondary unit is carried out by immersing it in 
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dilute solution of formaldehyde U. S. P. (1:10) and washing in a solu- 
tion of sodium chloride before embedding. At operation the secondary 
unit is placed under the temporal muscle on the side of the cranium 
opposite that of the stigmatic electrode. The temporal fascia is sutured 
in place, the two electrodes traversing it. The silver plate, which is the 
indifferent electrode, is tacked down to the temporal fascia at a distance 
of several centimeters (fig. 6). The stigmatic electrode is led across 
the midline and inserted through a tiny rent in the dura. It is firmly 
stitched to the dura in several places so that there is no relative motion 
between the electrode and the cerebrum. 


Fig. 5.—Vulcanizing rubber capsule about the secondary unit. The molded 
capsule is put in place, and the lips are cemented together and heated at 140 C. for 
twelve minutes. A tire vulcanizing outfit is adapted to the purpose. 


After recovery from operation, usually in two days to two weeks, the 
animal is placed inside the cage and stimulation is carried out. 

In the use of the method employed in these experiments, certain 
control measures were added. In addition to testing the output of the 
secondary unit before its implantation, tests were carried out immedi- 
ately after the subject was killed. At the same time that the animal 
was anesthetized, prior to killing, the résistance of the pathway between 
the indifferent and the stigmatic electrode was measured in two ways, 
without disturbing the leads themselves. The first of these was a 
measurement of direct current resistance and the second a measurement 
of resistance by substitution. In this the same secondary unit that had 
been implanted was excited at the same radio frequency. Output in a 
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direct short across the electrodes was measured. This output was next 
measured with the meter placed in series with the cerebral pathway, and 
by means of a decade box a resistance that would lower the original 
reading to the final reading was selected. This, for purposes of com- 
putation, was the resistance of the subject’s pathway. The secondary 
units thereafter were tested for output in the cage itself. If the output 
of the unit had changed materially in any given experiment the experi- 
ment was discarded. 


Fig. 6—Method of implantation. The secondary unit has been buried beneath 
the temporal fascia. The active electrode has been led across the midline for 
subcortical implantation. The indifferent plate is anchored to the temporal fascia. 


Several general results of the project may be mentioned before going 
on to specific topics. First, in the intact animal, not under anesthesia of 
any sort, seizures may be readily provoked from various sites by sub- 
cortical stimulation at rather low levels of intensity. In general it 
appears to be easier to evoke seizures through stimulation of frontal 
regions in the dog. There is, however, no sharp predilection. Second, 
effects that apparently are not seen when the experimental subject is 
under even light anesthesia may be seen as the animal recovers from 
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anesthesia. From the investigations which my collaborators and I have 
carried out and from observation of the work of others, it may be said 
that some contribution to a convulsion is made by consciousness that is 
not seen when consciousness is impaired. Third, I do not believe that 
the effects seen in our series of stimulations are necessarily the result 


Fig. 7.—Location of the stimulating electrode in the experiments cited. All 
sections are seen as from behind. Similar records are available for all experiments. 


of stimulation of one restricted area in the cerebrum. Effects of stimula- 
tion may be modified by removing a remotely situated area. It seems 
possible that stimulation of a subcortical level may result in (a) spread 
of stimulation to adjacent or distant areas and (/) excitation of inter- 
mediate links which produce effects through synapses. However. 
because of its clinical significance, Dr. Frederick Reichert has urged 
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that it be emphasized that each implantation has written its signature 
by initiating the seizure in such a fashion that the very first phenomenon 
usually provides a clue to the location of the electrode. 

In all, 50 dogs were used. In 7 animals in which implantations were 
made the apparatus either obviously or probably failed to function ; these 
animals were not considered. In these 7 cases are included those in 
which the output of the secondary unit had fallen appreciably below 
its original level. Convulsions were produced after 34 experimental 
implantations. This leaves the following animals in which, although the 
apparatus functioned well, no convulsion was evoked. In animals 5, 9 
and 18 the stigmatic electrode was found to have been placed in approxi- 
mately the same position. This was close to the midline, just above 
the corpus callosum in gray matter, and posterior to the motor cortex. 
In animals 43, 44 and 50 there was again a similarity in the topographic 
location. In all these animals the electrode was placed far posteriorly. 
In animal 35, in which violent motor effects were produced without an 
ensuing convulsion, the stigmatic electrode was found to be close to or 
within the right cerebral peduncle. In animal 16 the electrode was not 
embedded in nerve tissue but was resting on the superior surface of the 
brain stem. In animal 11 the electrode was inside a lateral ventricle. 

Space is not available for the publication of a complete report of each 
experiment. In consideration of most of the topics one typical experi- 
ment is recorded; similar cases are cited. In all experiments minute to 
minute observations were dictated, and complete data may be made 
available to those who are interested. Furthermore, conditions attending 
experiments have rigidly been ‘“‘controlled.””. No impression and no gen- 
eralization is contradicted by experiments cited but not described in full. 
Photographs of the specimens are available for review. 


POINTS OF ROUTINE INTEREST 

Several features of the experimental results common to a number 
of episodes should be mentioned. First, a cry often accompanied the 
onset of seizures. This did not appear voluntary or an expression of 
discomfort but seemed part of a violent muscular spasm with which the 
convulsion was ushered in. With a generalized tonic onset the cry was 
long; accompanying clonus of other muscle groups, the cry was short 
and rhythmic, with the frequency of the clonic jerks. Urination 
frequently occurred and was often seen to be clonic in nature. In 1 
instance erection and ejaculation took place during stimulation, while 
the animal was unconscious. 

Unconsciousness was usually an accompaniment of any major seizure. 
This was judged by the animal’s inability to show any response to strong 


stimuli, by its bewilderment and eventually by the manner of the return 
to a normal state. Unconsciousness did not always supervene. When 
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it did not, however, the seizure was usually a light one. The commonest 
general pattern of events of a seizure was something like this: 
First came a generalized tonic contraction, usually accompanied by 
unconsciousness, and sometimes a cry and a fall. Thereafter clonus 
supervened. Often at about this time appeared what | have called 
“pseudorunning” motions. These constituted a gross caricature of 
running. Sometimes a trot was imitated, and sometimes a crude gallop. 
The movements were not well organized, and not infrequently the 
extremities moved at slightly different rates, so that at one moment a 
fairly good imitation of running would be given, and at the next one 
extremity would begin to operate a little faster than the other. 

Dilatation of the pupils during a seizure was common. One of the 
interesting features to us was the complete absence in many instances 
of any motor effects during stimulation, indeed of any discernible effects 
at all. In many of these cases one could turn a switch on and off for 
a few seconds without producing any change in the animal and could 
say with assurance that seconds or minutes later there would be a sudden 
and dramatic onset of a convulsion. In at least 1 other case, already 
mentioned, in which the electrode appears to have been placed in one 
of the cerebral peduncles, there was a violent flexion contracture of the 
contralateral body musculature without the precipitation of a seizure 
every time stimulation was carried out. Finally, it might be noted that 
in most cases, immediately after a convulsion, as the animal first regained 
his ability to stand and walk, there was pronounced lack of equilibrium 
in the first thirty to sixty seconds. In only a few cases were any specific 
components of this phenomenon noted. 


EQUIVALENTS 

In the course of 5 experiments, effects were seen which may 
justifiably be likened to epileptic equivalents in man. In the case of 
animal 4, the following observations were made after a convulsion : 


As soon as the animal was able to keep its feet it began to trot. From the time 
the last note was taken (two minutes and fifteen seconds after the convulsion) to 
three minutes and ten seconds after the end of the seizure, the animal behaved as 
none other had so far. It trotted across the room in any direction unsteadily and 
with a list to the left, fetching up heavily against whatever marked the limits of its 
course, without the slightest sign of having seen the object—table or stand. It 
most frequently met the object on the head or the left shoulder. The animal 
would recoil, utter a cry, sometimes fall and immediately resume the trot in 
another direction. Objects were mostly encountered on the left, though this may 
have been due in part to hemianopia. It is apparent that confusion or less than 
full consciousness must have been largely to blame, since the animal showed no 
caution after a collision but hastened away to another. Also, the manner in which 
it reacted to pain showed, it seemed to me, that only the gross insult was appre- 
ciated. A sharp cry, then no investigation of what it had hit, no after-whimpering, 
no time for sizing up the situation. A blind dog ordinarily shows a good deal 
of caution in its movements. 
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Animal 12 behaved in the following fashion after the end of a seizure; 
a transcript of notes follows. 


A noise was made repeatedly to arouse him, and after being on the floor 
between two and a half and three minutes, he arose. The next two or three 
minutes was spent in walking about the room. Owing either to incomplete con- 
sciousness or to blindness, he ran directly into objects. He seemed to be seeking 
darkness, and, finding a dark hole between two heavy objects, a storage battery 
and a transformer, he pushed his head and nose in violently, as if trying to get 
into a hole. At this point I went up to him, spoke to him and tried to get him 
to behave. He turned and growled. Thereafter, for approximately three minutes, 
he showed rather fierce antagonism. He stood unsteadily, watching us in baleful 
fashion, the hair on his back bristling. John had gone for a noose, when, at the 
end of about three minutes, he suddenly allowed himself to be petted and began 
to behave in his usual amiable fashion. During all this he salivated a great deal. 


In the case of animal 15 a similar episode took place, but this time 
it was during the course of a seizure. The animal was ordinarily 
amiable; four minutes and thirty seconds after the initial stimulation, 
in a seizure that lasted for eight minutes, he growled, the hair on his 
back stood up, his back was arched, he showed his teeth and snapped 
at me. Two and a half minutes later I was able to pet him, though he 
behaved strangely. He growled and showed his teeth, but made no 
effort to bite. Four minutes after the start of this emotional phase he 
returned to his normal amiability. It is to be pointed out that stimulation 
was not accompanied by any evidence of pain in this case, that stimulation 
had long ceased before the emotional phase came on and that the animal 
showed no fear of the procedure. 

In the case of animal 17, stimulated at subthreshold level, there was 
fairly constantly produced a queer sort of behavior, consisting of frenzied 
dashes about the cage, punctuated by the dog’s stopping to scratch 
violently on the mattress. This was a constant and discrete sort of 
response, and was repeated on a number of occasions. It was not accom- 
panied by any evidence of discomfort. The animal did not behave in this 
fashion unless stimulated. It was in the nature of a minor attack. It 
did not protect against the precipitation of a major seizure. This 
animal’s real convulsions were quite different. 

In the case of animal 34 the unusual behavior consisted in two 
manifestations: first, the same sort of tendency to trot about in aimless 
fashion and run into objects and, second, a constant shaking of the head 
that was voluntary and not the immediate result of stimulation. 


THRESHOLD 


The threshold for the production of a convulsion seems to be fairly 
sharp when no modifying conditions have been introduced. It appears 
to involve both time and intensity. In the following several examples 
determination of threshold was carried out as a separate project. 
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Doc 28.—On Jan. 20, 1939, in a series of stimulations with varying times and 
intensities, the following results were obtained. 


Duration of Intensity, 
Stimulation, Milli- 

Time Seconds amperes Sequel 
1:26 p. m. 1 0.5 No seizure 
1:29 p. m. 4 0.5 No seizure 
35 pr m: 10 0.5 No seizure 
1:42 p. m 1 0.57 No seizure 
1:55 p. m. 4 0.57 No seizure 
2205 p.m. 10 0.57 No seizure 
2:17 p.m. 1 0.65 No seizure 
2:28 p. m. 5 0.65 No seizure 
2:32 p. m 20 0.65 No seizure 
2:45 ] 0.70 Stimulation followed 


by violent seizure 


In determinations on + other animals the deciding factor was intensity 
alone. Convulsions were produced when the levels were raised from 
0.5 to 0.65, 0.66 to 0.83, 0.35 to 0.51, 0.68 to 0.90 and 0.55 to 0.70 
milliamperes, respectively. In 2 other animals time affected the outcome, 
convulsions being precipitated when the duration of stimulation was 
extended from five to ten and from five to fifteen seconds, respectively 
(the same intensity being used). 


LATENT PERIOD 

While seizures supervened soon in most cases, there were several 
in which relatively long periods elapsed between the application of a 
short stimulus and the development of a seizure. There is nothing new, 
of course, in the recognition of the fact that a latent period may inter- 
vene.*- However, the rather dramatic onset of seizures as long as two 
minutes and fifty-five seconds after the application of a short stimulus 
seems worthy of mention. In addition, in producing convulsions in the 
unanesthetized animal, it is possible to observe prodromal effects and 
the apprehension that comes immediately before a convulsion, A sample 
protocol follows. 


Doc 2.—On May 5, 1936, a stimulus was applied for twenty seconds. Effects 
were seen during stimulation, but these wore off as stimulation was discontinued. 
Thereafter, nothing further was seen prior to the phenomena described in the 
following note. 

“Forty-five seconds after cessation of stimulation it was noted that flecks of 
foam were appearing at the mouth. At the same time, about once in five seconds, 
there were a brief contraction (for less than one-half second) of the muscles of 
the left side of the neck, so that the head was momentarily thrown to the left, 
and abrupt drawing up of the left hindleg. Locomotion was somewhat interfered 
with, but the animal continued to walk about the room. Eventually, it seemed 


4. Fender, F. A.: Epileptiform Convulsions from “Remote” Excitation, Arch. 
Neurol. & Psychiat. 38:259 (Aug.) 1937. 
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to sense something wrong, since it went to a corner. These phenomena did not 
appear to change in extent or rhythm. Two minutes after stimulation a convulsive 
seizure began. The animal slumped to the left side, with the neck bent to the 
left. Clonic extension-flexion movements, at the rate of 4 a second, began in the 
left hindleg. 

From this point the animal went into a full convulsion. 

The following day another stimulation was carried out for twenty seconds. In 
this case notes were made on the behavior of the animal during a period of more 
than two minutes. In the following note the beginning of a seizure is described. 

“Two minutes and fifty-five seconds after cessation of stimulation the animal 
began to emit a cry. (This continued for ten to twelve seconds and was jerky, 
with a rhythm of 3 a second.) With the first of the cry, the animal toppled to 
the left and lay on its back, with all the legs in extension and crossed in scissors 
fashion. It was unconscious immediately, and the head was drawn to the left. . 

From this point a full convulsion was seen. 


In 9 other subjects there were latent periods of from thirty to one 
hundred and twenty seconds. 

Two features in the technical background of these effects would be 
interesting to evaluate. The first is the location of the stigmatic elec- 
trode. This problem, again, has two subdivisions: the location from the 
point of view of (a) fiber tracts and (>) connections with epileptogenic 
areas, that is, the linear distance from such areas. The second is the 
level of intensity of stimulation used in these animals as compared with 
those in animals in which a prompt response was obtained. In regard to 
both these matters we are without definite conclusions. It may be said 
that the implantations in all the animals exhibiting a prolonged latent 
period were at some distance from either motor cortex. On the other 
hand, although in most cases in which early convulsions were produced 
the implantations were relatively close to one or the other motor cortex, 
there were several in which a considerable distance was interposed, so 
that linear distance from these supposedly epileptogenic regions does 
not necessarily play a deciding role. 

Not enough evidence appears from these experiments to make valid 
conclusions with regard to current intensities. In 1 or 2 experiments 
in which this point seemed to be established in a proportional sense- 
that is, the higher the stimulus the shorter the latent period—careful 
analysis and computation showed that the outcome, although suggestive 
of and not contradictory to this conclusion, did not establish it definitely. 


REFRACTORY PERIOD 
The following experiments appear to show that in some cases imme- 
diately after a convulsion has taken place the animal is not in a state 
to have another convulsion. In order to provide control, the intensity 
of the stimulus used in the succeeding stimulation was always as great 
as or greater than that in the first. 


Doc 20.—Stimulation at 3:20 p. m. produced a convulsion. At 3:50, 3:58 and 
4:05 p. m. stimulations evoked no response. At 4:15 p. m. there was some 
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evidence of effect as the stimulus was applied, since the animal acted as if it 
were trying to avoid the current. This was all that was seen. Stimulation at 
4:24, 4:36 and 4:38 p. m. failed to cause a convulsion, but when the original stimulus 
was reapplied at 4:58 p. m. there was a seizure similar to that at the outset. In 
other words, this animal appeared to be refractory for one hour and thirty-eight 
minutes. 

Five other animals were refractory for varying periods. 

The site of the active electrode does not appear to explain differences 
in the refractory period. It must suffice to say that while there were 
some animals which were not protected by a seizure for a period longer 
than six minutes, some were definitely refractory after the original 
seizure. It should be noted also that in some animals not rendered 
refractory the second seizure represented a considerable modification 
of the first and that the modification was in the direction of a less violent 
and extensive episode. 

ABLATION EXPERIMENTS 

In 6 animals ablation of one or both motor areas was carried out 
after demonstration of a seizure. In all animals it first was demon- 
strated that full convulsions could readily be evoked by repeated stimu- 
lations. .\reas to be removed were identified by electrical stimulation 
and extirpated by means of the electrocautery. Subsequent exploratory 
stimulation was used to make certain of the complete removal. In addi- 
tion, there was, in each case, objective evidence in the behavior of the 
animal that the extirpation had been accomplished. A sample protocol 
is abstracted here. 

Doc 2.—Implantation of a stigmatic electrode was carried out subcortically, as 
shown, on May 1, 1936. On May 4, 5 and 6 trial stimulations were carried out. 
In each case a full convulsion appeared. These were characterized by closure of 
the left eye, tonic contraction of the musculature of the left side of the neck, the 
left foreleg and trunk, then clonus of the left foreleg and left hindleg, with accom- 
panying extension of the right legs. In two of the seizures all the extremities 
joined in the clonus. 

On May & the right motor cortex was destroyed. After operation the animal 
exhibited great weakness of the left legs. The dog was stimulated again the day 
after the operation, the original level of stimulus being employed. There followed 
violent clonic motions of all extremities during stimulation, but no seizure. 
Stimulation again was accompanied by early closure of the left eye. Stimulations 
thereafter were carried out on May 11 and 13. In each case momentary effects 
were produced during stimulation, but in neither case was a seizure precipitated. 

In this experiment, in which the active electrode was in the region 
of the internal capsule on the right, subsequent stimulation did not 
produce a seizure. In 2 other animals in which unilateral ablation of 
the motor cortex was carried out subsequent stimulation produced effects 
but not a seizure. In a fourth, with implantation on the right side, the 
original convulsion was characterized by predominance of clonic move- 
ments of the left legs. After extirpation of the right motor cortex a 


seizure was more difficult to elicit and, when finally provoked, was 
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distinguished by absence of clonus of the left legs. There was, however, 
clonus on the right. In another animal, after removal of the motor 
cortex from the same side as that of the implanted electrode the con- 
vulsive effects on the side subserved by the ablated cortex disappeared, 
while those on the opposite side still were seen. Finally, in an animal 
in which both motor cortices were removed a seizure no longer could 
be evoked. 
CONTINUED STIMULATION 

In the course of investigating the refractory period it was noticed 
that frequent stimulation had the effect of prolonging the period during 
which the animal was relatively immune to the production of a seizure. 
This led to inquiry into the responsibility of stimulation itself. It was 
found that whereas the initial stimulus often promptly produced a con- 
vulsion, further stimulation did not perpetuate the fit. Instead, the 
convulsion was self limited and of “control” duration. The animal 
recovered and thereafter was not susceptible to the production of another 
convulsion until a period free of stimulation had been interposed. This 
phenomenon hitherto has not been reported. In the experiments to be 
abstracted, controls covered the question of the refractory period, which 
in each case cited was relatively short. On succeeding days controlled 
experiments showed that the original ability to have a convulsion had 
not been altered by long stimulation. 


In dog 23, on Dec. 17, 1938, stimulation for twenty seconds produced a full 
seizure, lasting two minutes and fifteen seconds. Before this was over stimulation 
was resumed at the original level. Minute to minute notes were dictated during 
the ensuing hour and twelve minutes. There was no seizure during this time. 
The animal slept much of the time and was asleep when, at the end of an hour 
and twelve minutes, stimulation was discontinued. At this point a free period of 
tive minutes was interposed. Stimulation for ten seconds was then carried out at 
the original intensity. The result was a full and violent convulsion, exactly like 
the first. 

In a second animal stimulation produced a convulsion that began within five 
seconds. Stimulation was not discontinued, but the animal recovered from the 
fit and during the ensuing forty-five minutes, according to frequent notes, exhibited 
only minor disturbances of equilibrium. At the end of that time free periods were 
interposed at appropriate intervals. These were of one, two, three, five, ten, fifteen, 
thirty, forty-five, sixty and ninety seconds and two, three, five, eight, ten, ten and 
ten minutes. The object was, of course, to measure the duration of the necessary 
iree period. After the third free period of ten minutes had been allowed stimulation 
was followed by a violent and complete seizure. 

In the third animal, after the original seizure, there were no further effects 
during an hour of stimulation. When a free period of thirty minutes had been 
worked up to by stages, stimulation at once was followed by a convulsion. 

In 3 other experimental animals results confirmed the foregoing observations. 
The only additional point established was that stimulation did not actually have 
to be continuous to prevent the convulsion, granted that it was carried out fre- 
quently. In the 3 experiments, stimulation prevented seizures for three hours 


and forty-two minutes, one hour and forty-five minutes and two hours and thirty- 
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one minutes, respectively. After these intervals the interposition of free periods 
made stimulation again effective in the production of a convulsion. 

From the foregoing observations, it seems possible to make one or 
two generalizations with assurance. The experiment shows that con- 
tinued application of the stimulus in the form of an electric current 
appears to alter the state of the animal so that a seizure is prevented. 
One is tempted to say that the passage of current prohibits reaccumula- 
tion of some substance necessary for the precipitation of a convulsion. 
Support for this is seen in the fact that if stimulation is discontinued 
for varying periods one reaches an interim that appears to be adequate 
for the resumption of the original state or for the reaccumulation of 
the substance necessary for the provocation of a second seizure. It would 
be equally logical, of course, to assume that some substance produced 
by the passage of electric current is given time to disappear within this 
free interval. 

Certain control experiments must be mentioned in connection with 
these observations. First, from the results in a series of experiments 
in which stimulation was carried out in live dogs with a milliameter in 
series with the apparatus, we know that accumulation of substances on 
the electrode that prohibit the passage of the current during continued 
stimulation does not take place. There was no change in the level of 
intensity in control experiments which ran several hours. Second, with 
our method of stimulation, oxygen is given off at the stigmatic electrode 
in small quantities. However, this is either insufficient or too rapidly 
absorbed to produce a bubble of gas, as we have determined on examina- 
tion of specimens subsequently. It may, on the other hand, have 
something to do with the last chemical link in the production of a seizure. 


CAPITULATION 


J/ethod.—Production of convulsions by remote electrical excitation 
offers a unique opportunity to observe seizures in conscious, unrestrained 
subjects. There is little alteration in physiologic integrity so that 
experiments may be repeated with an approximately normal state as a 
base line. The method currently in use is described and a series of 
experiments reviewed. Other effects encountered, but not dealt with 
here, await reporting. Among these are involuntary sleep, sensory 
effects, ocular effects, disturbances in equilibrium, “myoclonic shocks,” 
salivation and olfactory effects. : 


Points of Routine Interest —Convulsions may be produced by stimu- 
lation of a variety of cerebral sites in the dog. It appears that stimulation 
of the rostral portions of the dog’s brain is followed most readily by 
convulsions. The linear distance between the motor areas and the site 
of implantation does not bear a relationship to the ease of production 
of a seizure. Unless the state of the subject has been altered, each 
successive convulsion follows closely the pattern of the first. Convulsions 


; 


632 ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


may follow this type of stimulation when stimulation itself is not accom- 
panied by any apparent effect. 

Equivalents—In 3 instances bizarre and_ stereotyped behavior 
occurred in connection with seizures that appears to warrant a com- 
parison with equivalents seen in human beings. 

Threshold.—The threshold for the production of a convulsion is 
sharp and involves time as well as intensity. Summation is possible, 
hut there is a level below which indefinite stimulation is not effective. 

Latent Period—This phenomenon is seen under unique conditions 
with the use of remote excitation, since the behavior of the unrestricted 
subject may be observed during the prodromal period. There seems to 
be no close association between the linear distance between the stigmatic 
electrode and the motor areas and the length of the latent period. Data 
from experiments, suggesting an inverse relationship between intensity 
and latent period, were not considered decisive enough to justify a 
conclusion. This and other components of the phenomenon await more 
investigation. 

Refractory Period—Subjects are, to varying periods, rendered 
refractory by the occurrence of a convulsion. In some cases this is 
relative, a more intense stimulus being effective in provoking a seizure 
when the original level is not. In others, when a second seizure is 
provoked soon after the first, modification in the direction of a less 
extensive episode is seen. 

Ablation—xtirpation of one or the other cortical motor area 
modifies the pattern of an original seizure toward a less extensive con- 
vulsion. When both motor cortices were removed in 1 subject a 
convulsion no longer could be produced. It appears from this. brief 
series that either motor area or both may “‘set the pace” for a convulsion 
affecting either side of the body or both sides, but that at least one motor 
area must function if a full convulsion is to be evoked. 

Continued Stimulation.—Unless there is some unrecognized defect 
of our technic (there are controls to cover the points of uncertainty 
that have occurred to me), it appears that after the production of a 
seizure continued electrical stimulation has some unexplained inhibiting 
etfect on the mechanisms leading to a convulsion. If interruptions in 
stimulation are interposed the mechanisms are more rapidly reconstituted. 


° CONCLUSION 


Karly work in the production of convulsions, carried out during 
a time of development of the method of remote excitation, is reported. 
The method has undergone refinement and, it appears, holds promise 
for the investigation of this and other basically neurologic problems. 
The most significant contribution thus far is the preparation of an 
apparently normal subject that is going to have a convulsion seconds or 
minutes later. 


PROLONGED JUGULAR COMPRESSION 


A DIAGNOSTIC TEST OF NEUROLOGIC VALUE 


ROBERT B. AIRD, M.D. 


SAN FRANCISCO 


It is a matter of common observation that there may be an accen- 
tuation of the signs and symptoms associated with space-consuming 
lesions of the brain after pneumoencephalographic, ventriculographic 
and other intracranial procedures.’ Such accentuation has been explained 
on the basis of a transient increase in the intracranial pressure with a 
possible shift of portions of the brain substance after these procedures. 

An exaggeration of radicular pain associated with lesions of the 
spinal canal has frequently been observed after coughing, sneezing and 
straining * as well as jugular compression.* Utilizing this observation, 
Naffziger and his associates reported on a clinical test (jugular com- 
pression) for the differentiation of radicular pain of mechanical origin 
caused by neoplasms ‘ and other tumors, such as herniated intervertebral 
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disk, from radicular pain of nonmechanical origin. The increase in 
intracranial pressure produced by jugular compression ® apparently 
exaggerates the mechanical stress on the nerve structures involved by 
space-consuming lesions of the spinal canal. In nonmechanical con- 
ditions, however, increased intracranial pressure produces no appreciable 
effect. 

Exaggeration of motor, sensory and sphincteric signs after straining 
has been reported by Dandy ‘ as indicative of tumor of the spinal cord. 
Likewise, accentuation of the signs and symptoms of lesions of the 
spinal cord has been noted by many observers * after lumbar puncture, 
which, by lowering the pressure below the point of block, produces 
a relative increase of pressure above the lesion comparable to that 
obtained by coughing, straining and jugular compression. 


It seemed probable that the signs and symptoms produced by the 
pressure of space-consuming lesions might be exaggerated at will by 
prolonged jugular compression. Jugular compression by means of a 


5. Naffziger, H. C.; Inman, V., and Saunders, J. B. de C. M.: Lesions of 
Intervertebral Disc and Ligamenta Flava: Clinical and Anatomical Studies, Surg., 
Gynec. & Obst. 66:288-299 (Feb., no. 2A) 1938. 

6. The term jugular compression, although widely accepted, is in reality a 
misnomer. Digital compression of the jugular veins ordinarily involves compres- 
sion of the veins and arteries of the entire anterior portion of the neck and, 
depending on how the compression is applied, frequently involves compression 
of the vessels on the posterior aspect of the neck as well. Jugular compression 
with a blood pressure cuff, as recommended by Grant and Cone (Graduated Jugular 
Compression in the Lumbar Manometric Test for Spinal Subarachnoid Block, 
Arch. Neurol. & Psychiat. 32:1194-1201 [Dec.] 1934), necessarily involves all 
the veins of the neck. 

7. Dandy, W. E.: A Sign and Symptom of Spinal Cord Tumors, Arch. Neurol. 
& Psychiat. 16:435-441 (Oct.) 1926. 

8. Oppenheim, H., and Borchardt, M.: Zwei Falle von erfolgreich operierten 
Riickenmarkstumoren, Deutsche med. Wchnschr. 32:977, 1906. Cassirer, R., and 
Krause, F.: Ritckenmarkstumor, Berl. klin. Wehnschr. 47:456-457, 1910. Nonne, 
M.: Weitere Erfahrungen zum Kapitel der Diagnose von komprimirenden Riicken- 
markstumoren, Deutsche Ztschr. f. Nervenh. 47-48:436-503, 1913. Newmark, L., 
and Sherman, H. M.: Successful Removal of an Intradural Tumor from the 
Spinal Canal, California State J. Med. 11:103-107 (March) 1913. Antoni, N. R. E.: 
Ueber Rtickenmarkstumoren und Neurofibrome, Munich, J. F. Bergmann, 1920. 
Elsberg, C. A., and Stookey, B.: The Mechanical Effects of Tumors of the Spinal 
Cord: Their Influence on Symptomatology and Diagnosis, Arch. Neurol. & 
Psychiat. 8:502-514 (Nov.) 1922. Fleck, U.: Zur Differentialdiagnose der extra- 
und intramedullaren Riickenmarkstumoren, Ztschr. f. d. ges. Neurol. u. Psychiat. 
76: 322-354, 1922. Dandy, W. E.: The Diagnosis and Localization of Spinal Cord 
Tumors, Ann. Surg. 81:223-254 (Jan.) 1925. Ball, E.: Die Geschwiilste des 
Rtickenmarks, in Kraus, F., and Brugsch, T.: Spezielle Pathologie und Therapie 
innerer Krankheiten, Berlin, Urban & Schwarzenberg, 1927, vol. 11, pp. 537-683. 


AIRD—JUGULAR COMPRESSION 635 


pressure cuff about the neck, as used by Grant and Cone,® affords a 
convenient and well controlled method for the prolonged production of 
intracranial pressure without undue inconvenience to the patient. If 
a sphygmomanometer with a good valve is used, this method has the 
additional advantage of freeing the examiner from concern over this 
phase of the test, permitting him to devote his entire attention to the 
neurologic examination to be conducted during the period of compres- 
sion. This method has been applied to 100 patients with various neur- 
ologic disorders, with interesting results. 


TECHNIC 

The jugular compression test should not be performed until the usual neuro- 
logic examination has been completed. It is most conveniently carried out with 
the patient in the sitting position, but may be done with the patient in the prone 
position. An ordinary sphygmomanometer cuff should be folded lengthwise and 
wrapped about the patient’s neck, with the valve and bulb hanging in front of the 
patient. Cloth should then be wrapped about it and tucked between the skin and 
the cuff, both above and below, to prevent the cuff from slipping or becoming 
unfolded. The nature of the test and its possible importance should be explained 
to the patient, who should be assured of the harmlessness of the procedure with 
the explanation that it will not interfere with his breathing or speech and that the 
pressure can be released immediately if it should become too unpleasant. A pres- 
sure of 40 mm. of mercury has been found to give the most satisfactory results. 
This degree of compression approximately doubles the intracranial pressure in most 
patients. In 10 patients on whom lumbar puncture was performed when they 
were in the horizontal position the ratio of the initial cerebrospinal fluid pressure 
to the cerebrospinal fluid pressure after jugular compression (40 mm. of mercury ) 
was 0.49, with variations between 0.71 and 0.16. Thus the degree of elevation of 
pressure under these conditions may vary somewhat in different patients. With 
few exceptions, however, it will be high enough with prolonged maintenance to 
assure an exaggeration of signs and symptoms if a space-consuming lesion is 
present. Although higher degrees of jugular compression are borne by some, 
40 mm. of mercury is the maximum pressure well tolerated by most patients. 
Occasionally a neurotic patient will not stand a compression of 40 mm. of mercury. 
Lower degrees of compression should be tried with these persons, since relatively 
high cerebrospinal fluid pressures are sometimes elicited with jugular compression 
as low as 30, or even 20, mm. of mercury. 

The compression should be maintained for ten minutes. In a few cases, early in 
the series, shorter periods were tried, but the development of signs and symptoms 
as late as seven or eight minutes after compression had been started indicated the 
desirability of the longer period. Only rarely was it necessary to terminate the 
compression early because of poor cooperation on the part of the patient. 

During the test the examiner should repeat the neurologic examination, with 
especial attention to the tests most likely to show changes (see “Analysis of Results”), 
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particularly those the results of which were abnormal or suggestive on previous 
examination. Questionable and important signs can be checked two or three times 
at different stages of the compression. Significant alterations in neurologic findings 
are most likely to appear late in the period of compression. During certain parts 
of the examination, for example, during the testing of the reflexes, the patient may 
be questioned as to the exaggeration of symptoms or the development of new 
ones. Such questioning should not be allowed to interfere with the neurologic 
examination, which necessarily must be expeditious. Careful planning, based on a 
knowledge of the history and findings in the preceding physical and neurologic 
examinations, will materially help the examiner to focus his attention on points 
which are of importance in the case in question. It is not intended to imply by this 
that the compression test can be fully planned in advance. A complete, though 
brief, neurologic examination should be made in all cases as the findings cannot 
be predicted. Depending on such findings, the routine may require modification. 


TABLE 1.—Results of the Jugular Compression Test in Cases of Various Diseases 
of the Central Nervous System 


Results with Jugular 


Compression Test Total 
Number of 
Diseases Negative Positive Patients 
Suspected tumor of brain 
Suspected tumor of spinal cord 
Herniations of intervertebral disk 
Degenerative diseases of the central nervous system...... 6 0 6 
Convulsive states (unknown 12 0 12 
Post-traumatic head s 0 8 


With the release of compression, the positive signs should be rechecked. In 
many instances the responses will quickly return to their original status. These 
“recovery changes” are frequently even more convincing than those elicited during 
compression. 

SUMMARY OF RESULTS 


Prolonged jugular compression, with the technic just described, has 
been performed on 100 patients with various neurologic disorders 
(table 1). Positive results were obtained in a high percentage of 
patients with proved tumors of the brain and spinal cord; that is, either 
there was an exaggeration of some sign or symptom already present or 
some new sign or symptom developed during the test. Likewise, a high 
percentage of positive responses occurred in cases of proved herniation 
of the intervertebral disk. On the other hand, the tests in cases in 
which the diagnosis of tumor was later ruled out invariably gave negative 
results. Negative results were also obtained in cases of degenerative 
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diseases of the central nervous system,'® convulsive states of unknown 
cause and post-traumatic syndromes referable to the head. Thus, of 45 
cases of proved space-consuming lesions, positive results were obtained 
in 41, while negative responses were given in all of the 54 cases in which 
such lesions were not present. 

The incidence of positive responses to the test, however, is by no 
means as high among cases of space-consuming lesions as might be 
inferred from these results. A series which is limited to proved cases 
of space-consuming lesions unduly emphasizes the incidence of positive 
reactions in such cases. This necessarily results from the fact that the 
incidence of both proved cases and positive reactions roughly parallels 
the course of the disease. In numerous cases in which a tumor was 
suspected, which were not included in this series because the diagnoses 
were not proved, the results were negative. In many of these the course 
will not prove progressive and a presumptive diagnosis of a nontumorous 
condition may be made. In others the progression of signs and symptoms 
eventually will prove the presence of a tumor, and in a high percentage 
of cases of this group, presumably comparable to that in the series 
presented in table 1, the test may well give a positive result. 

In cases of acute inflammation of the central nervous system positive 
responses may apparently be obtained, but in cases of this type sufficient 
evidence has not been accumulated to warrant any conclusions. A 
positive result was obtained in the 1 case of acute cerebral concussion 
included in this series. The results were also positive in 3 other cases 
not included in this series because the clinical diagnoses were not proved. 
In 1 of these a cerebrovascular accident was suspected; in the second 
the diagnosis of encephalitis was made, and in the third the diagnosis 
lay between encephalitis and meningovascular syphilis. 

Although in the majority of cases prolonged jugular compression 
merely elicited evidence in corroboration of a diagnosis already made 
by other methods, in certain instances in which the diagnosis was obscure 
it contributed valuable evidence. The histories of 2 cases will serve to 
illustrate its possibilities. 

REPORT OF CASES 


Case 1—J. A., a youth aged 18, a student, was referred to the University of 
California Hospital with the complaint of severe pain behind both eyes. The pain 


10. A positive response to the test was recently obtained in a patient afflicted with 
amyotrophic lateral sclerosis. A Babinski sign, not previously present, appeared 
during the period of compression and quickly disappeared after the release of 
compression. The value in the differential diagnosis of tumors and degenerative 
lesions is therefore not as definite as was suggested by the earlier results just 
presented. It seems likely that any space-consuming lesion, as well as inflammatory 
reactions secondary to infection or post-traumatic or degenerative processes, may be 
associated with a positive response to the prolonged jugular compression test. 
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had first occurred six weeks before his entry to the hospital, but had disappeared 
within two weeks, during which period glasses had been prescribed for an imbalance 
of the extraocular muscles. Some ten days later the patient had a cold, and the 
pain recurred. It had remained constant for two and a half weeks. Treatment of 
the sinuses had given no relief. He had been drowsy for eight days and had had 
nausea and vomited for the six days prior to entry. Paresthesia of both hands had 
been present for two days. 

The results of physical examination were essentially normal except for slight 
drowsiness and a pulse rate varying between 50 and 60 beats a minute. Neurologic 
examination showed acute papilledema, measuring 3 D., diminished visual acuity, 
slight emotional underaction of the lower left side of the face, a questionable Rom- 
berg sign and slight uncertainty in performing the finger to nose test with the left 


Fig. 1 (case 1).—Ventriculogram (anteroposterior projection with occiput 
down) showing dilated lateral ventricles separated by a lesion in the midline, 
apparently blocking the foramen of Monro. 


hand. Routine laboratory tests were essentially normal. A tentative diagnosis of 
tumor of the posterior fossa was made. 

On prolonged jugular compression (40 mm. of mercury for ten minutes) 
the right pupil was found to be larger than the left, fine, rapid and sustained hori- 
zontal nystagmus appeared with turning of the eyes to either side and, on repeated 
trials, partial bitemporal hemianopia was shown by the confrontation method. 

Ventriculograms (fig. 1) showed that the lateral ventricles were dilated and 
spread apart by what was interpreted, on the basis of the separation of the lateral 
ventricles and the failure of the third ventricle to fill, to be a tumor in the midline 
blocking the foramen of Monro. 

A right frontal craniotomy, performed by Dr. Howard C. Naffziger, revealed 
an encapsulated tumor on the floor and mesial wall of the anterior portion of the 
right lateral ventricle. The tumor was pale and firm and measured 2.5 by 3.5 
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cm. Complete removal was accomplished. The microscopic diagnosis was oligo- 
dendroglioma. The patient made a good recovery. 


No signs of particular localizing value were elicited in the neurologic 
examination, and the few questionable signs that were found suggested 
a tumor of the posterior fossa. The bitemporal defect in the visual fields, 
elicited by prolonged jugular compression, was the only sign which 
clearly indicated the correct localization of the tumor. 


Case 2.—F. C., a woman, was referred to the surgical service of the University 
of California Hospital with the complaint of intermittent abdominal pain of five 
years’ duration. The pains were usually epigastric and were relieved by food or 
sodium bicarbonate. Various diagnostic aids, including a series of gastrointestinal 
roentgenograms and visualization of the gallbladder, had given negative results. 
Five weeks prior to entry the abdominal pain had recurred, but now centered on the 
right side. She also complained of some pain between the scapulas and was more 
constipated than usual. 

Examination showed some tenderness over the spines of the eighth and ninth 
thoracic vertebrae and considerable tenderness below the right costal margin and, to 
a less extent, in the right lower quadrant of the abdomen. Aside from a hemo- 
globin concentration of 76 per cent and a red cell count of 3,860,000, with slight 
anisocytosis and poikilocytosis demonstrable by smear, the routine laboratory 
findings were without significance. 

A tentative diagnosis of chronic cholecystitis was made, but, because of the 
tenderness in the back, it was felt that roentgen studies of the thoracic portion 
of the spine and a neurologic examination should be made. 

Neurologic examination showed tenderness to light percussion over the seventh 
and eighth thoracic vertebrae; suggestive hypesthesia to pinprick and cotton below 
the seventh thoracic segment; hyperactivity of patellar reflexes and the achilles 
reflex on the left, and a questionable extensor reflex on the left (the right foot 
was in a cast). 

Prolonged jugular compression (40 mm. of mercury for five minutes) accentu- 
ated the hypesthesia, which formed a definite sensory level at the seventh thoracic 
segment. With the release of compression, the hypesthesia quickly faded and again 
became questionable. 

Roentgenograms of the thoracic portion of the spine showed kyphoscoliosis 
centering at the tenth thoracic vertebra, the body of which was wedge shaped and 
incompletely separated from the vertebrae above and below by cartilage. This was 
diagnosed as hemivertebra, a form of congenital anomaly. The vertebral column 
otherwise appeared normal. 

The Queckenstedt test during lumbar puncture showed a complete block; the 
cerebrospinal fluid appeared slightly xanthochromic, and the Pandy reaction was 
positive. 

During the two days which these diagnostic procedures required, the patient 
became more constipated and noticed some difficulty in starting the urinary stream. 
Another neurologic examination showed hyperactive patellar reflexes, an unsustained 
ankle clonus and a definite extensor reflex on the left. Slight spastic paresis was 
also evident in the left leg and foot. 

A tentative diagnosis of compression of the cord at the level of the tenth thoracic 
vertebra was made by another consulting neurologist. 

Roentgen examination with injection of iodized poppyseed oil (2 cc.) in the 
lumbar subarachnoid spaces showed that the oil stopped at the middle of the 
anomalous tenth vertebra. 
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Because of the definite sensory findings elicited with prolonged jugular com- 
pression, a second injection of iodized oil (2 cc.) was performed by the cisternal 
route. This showed a complete block at the lower level of the fifth thoracic 
vertebra (fig. 2). 

During the time required for these tests the sensory changes became more 
definite and corresponded with those observed during jugular compression. Sensa- 
tion was preserved better in the legs than over the trunk. The changes in the 
reflexes became more marked, and the motor loss approximated complete paraplegia. 


Fig. 2 (case 2).—Roentgenogram showing iodized poppyseed oil (injected by 
cisternal puncture) in the subarachnoid spaces. There is a complete block at the 
lower level of the fifth thoracic vertebra. The patient was in the erect position. 


A laminectomy was performed as an emergency procedure by Dr. Howard C. 
Naffziger. A firm, yellow, structureless extradural tumor, 3 inches (7.6 cm.) long, 
was found compressing the cord at the level of the sixth and seventh thoracic 
vertebrae. Subtotal removal was effected, and microscopic study proved the tumor 
to be a myeloma. Subsequent roentgen examinations of the skull, chest, ribs 
and pelvis showed no metastases. Bence Jones protein was not found in the urine 
on repeated trials. High voltage roentgen therapy was instituted, and a dose of 
2,000 r was given, anteriorly and posteriorly, in a limited field over the sixth 
thoracic vertebra. Recovery was slow, but six months after operation the patient 
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was able to return to work. There has been no evidence of a recurrence (after 
fourteen months of follow-up observation). 


But for the findings with the jugular compression test, this patient 
might have been subjected to a laparotomy in view of the long history 
of abdominal pain and the lack of positive findings in the early 
neurologic examination. Except for the higher sensory level elicited so 
clearly by the test, the laminectomy might have been centered over the 
tenth thoracic vertebra. Either procedure would have been disastrous 
to the patient. 

ANALYSIS OF RESULTS 

An analysis of the incidence of the signs and symptoms associated 
with the conditions which gave positive results with prolonged jugular 
compression is of interest. The changes occurring with jugular com- 


TABLE 2.—Incidence of Signs Exaggerated or Newly Elicited by Prolonged Jugular 
Compression in Twenty-Seven Cases of Proved Tumor of the Brain 


Incidence in Newly Number of Cases 
27 Proved Altered Elicited in Which Signs 
Cases of by Jugular by Jugular Were Affected by 
Tumor of Compression Compression Jugular Com- 
Signs rain Test Test pression Test 
Facial paralysis (central)...... 15 12 3 15 
Asymmetry of deep reflexes.... 13 11 2 13 
Visual fleld defects........ 6 3 9 
Pathologic reflexes............ s 2 3 5 
Inequality of pupils.... ‘ $ 0 5 5 
Hypesthesia......... l 4 
Aphasia...... aia 4 4 0 4 


pression were, as might be expected, most evident in the presence of 
lesions involving the tracts of the spinal cord and secondarily the larger 
tracts of the brain, such as the pyramidal and the optic. Table 2 presents 
the principal data for the patients with tumors of the brain. The frequent 
involvement of the seventh cranial nerve may seem surprising at first, 
but appears reasonable when it is recalled that slight alterations involving 
this nerve are often seen in patients with tumor of the brain. In many 
instances this is the only motor change observed in the neurologic 
examination, and its localizing value is important. Ordinarily, however, 
slight asymmetries of the face are either overlooked or are discounted 
because of their frequent occurrence in cases in which there is no tumor. 
In this series, 15 of 27 patients with proved tumor of the brain had 
recognizable central involvement of the seventh cranial nerve. Twelve 
of these showed a definite change in the degree of involvement on jugular 
compression. In 2 of the 12 patients the lesion was found to be on the 
same side as the weakness of the lower part of the face. One of these 
had a tumor of the brain stem. In the other, the facial weakness lessened 
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rather than deepened, the only patient in whom a change of this type 
was observed. Central weakness of the seventh cranial nerve appeared 
in 3 other patients in whom this palsy had not previously been observed. 
In each instance the change was of definite localizing value. Of 18 
patients suspected of having tumor of the brain, but subsequently proved 
not to have, 5 had either suggestive or definite central paresis of one 
of the facial nerves. In none of these was the degree of paresis altered 
by sustained jugular compression. This result suggests that the test 
otfers a method of differentiating between central palsies of the seventh 
cramial nerve produced by the pressure of a space-consuming lesion and 
those caused by some other mechanism. 

Thirteen patients showed some alteration of deep reflexes with pro- 
longed jugular compression, and in all but 1 the changes were consistent 
with the location of the tumor as subsequently demonstrated. 

Alterations in the visual fields proved to be an interesting phase of 
this study. Nine of 27 patients with proved tumors of the brain showed 
defects in the visual fields. Six showed definite accentuation of these 
defects with prolonged jugular compression, all of which were of 
localizing significance. Two of the 3 patients who failed to show any 
changes cooperated poorly and responded inadequately to the test. In 
3 others changes in the visual fields which had not been discovered prior 
to jugular compression were observed during the test. As already 
reported (case 1), the results in 1 of these patients was striking and 
gave the only clue in the entire examination that was of value in 
localizing the lesion. The results in 1 of the other 2 of these patients 
were likewise of great diagnostic value. 

Other signs which have appeared occasionally or, if already present, 
have been altered during jugular compression are pathologic reflexes, 
motor weakness, nystagmus, pupillary dilatation, hypesthesia and aphasia. 
Approximately 20 per cent of the patients with proved tumors of the 
brain showed one or more of these changes, but the series is too small 
to warrant any conclusions. To the extent that these signs have been 
altered or newly elicited, they have, with rare exceptions, been of 
localizing value, as proved by subsequent operation. In certain cases 
especially in which the tumor was in an early stage and was difficult to 
localize, the test contributed information of great importance. Certain 
other signs, such as dysmetria, dysarthria and paresis of the third and 
sixth cranial nerves, seldom altered. In the instances in which such 
alterations did appear, however, they were of localizing value and con- 
tributed to a proper diagnosis. 

In patients with proved lesions of the spinal cord (table 3) the 
incidence of signs and symptoms and their alteration during the test 
were different from those observed in patients with tumors of the brain. 
Sensory alterations and changes in reflexes were most commonly 
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observed in this group. Four of 5 patients with proved tumors of the 
spinal cord showed accentuation of an already existing hypesthesia, and 
in 2 of these patients a new sensory level appeared, which accurately 
indicated the site of a lesion previously in doubt (case 2). 

Patients with herniation of the intervertebral disk who show painiul, 
positive responses to digital jugular compression, as advocated by 
Naffziger and his associates * do not tolerate prolonged jugular com- 
pression with a cuff. A high percentage of these patients, however, fail 
to show a positive reaction. In this group the use of prolonged jugular 


TaBLe 3.—Incidence of Signs and Symptoms Exaggerated or Newly Elicited by 
Prolonged Jugular Compression in live Proved Cases 
of Tunvor of the Spinal Cord 


Incidence in Newly Number of Cases 
5 Proved Altered Elieited in Whieh Signs 
Cases of by Jugular by Jugular Were Affected by 
‘Tumor of Compression Compression Jugular Com- 
Signs and Symptoms Cord Test Test pression Test 
Sensory changesS..............¢- 4 4 0 4 
1 l 0 1 


TABLE 4.—Incidence of Signs and Symptoms Exaggerated or Newly Elicited by 
Prolonged Jugular Compresston in Thirteen Proved Cases of 
Flerniation of the Intervertebral Disk 


Newly Number of Cases 
Incidence in Altered Elicited in Which Signs 
13 Proved by Jugular by Jugular Were Affected by 
Cases of Compression Compression Jugular Com- 
Signs and Symptoms Herniation Test Test pression Test 
Sensory changes................ 10 10 2 12 
Reflex 11 7 0 7 


compression has been of great interest. Of 13 consecutive patients with 
proved herniation of the intervertebral disk in whom digital jugular com- 
pression elicited no response, 12 showed positive changes to prolonged 
jugular compression (table +). In 11 of these patients the changes were 
unmistakable ; in 1 the positive results may be open to question, inasmuch 
as the only change during the compression was the complete relief from 
the “sciatic” pain which this patient had suffered for six months. The 
thirteenth patient was an aged Mexican, on whom it was impossible to 
make a satisfactory test because of language difficulties. Nine of the 
13 patients with proved herniations of the intervertebral disk experienced 
some degree of discomfort with the prolonged jugular compression. The 
discomfort appeared within from two to six minutes after compression 
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Was initiated, usually became more intense over the period that compres- 
sion was maintained and, in all cases, quickly disappeared on its release, 
Usually the pain was of sciatic distribution and in general was of the 
same character as that experienced by the patient on movement. In 1 
case the severity of the pain experienced required discontinuance of the 
test after seven minutes. In all cases the sensory changes—hypesthesia 
to pain and, to a less extent, to touch—occurred in the typical root areas 
and were consistent with the proved localization of the herniation. 

Two of the 7 patients who showed alteration of the deep reflexes 
during prolonged jugular compression had hyperactive reflexes which 
were further exaggerated by the test. In the other 5 diminution of 
already impaired reflexes was observed. ‘The patellar reflex was altered 
in 3 and the achilles reflex in 6 instances. 


The motor changes occurred in the extensor muscles of the foot. In 
1 patient fibrillation of the tibialis anticus on the affected side was 
observed toward the end of the test period of ten minutes. 

Tumors of the spinal cord and herniations of the intervertebral disk 
were similar in that sensory alterations were frequently observed with 
each condition, changes in the reflexes were common to both and 
muscular weakness was occasionally associated with both. They varied 
widely, however, in the incidence of pain elicited by prolonged jugular 
compression. Whereas pain was noted in only 1 of a group of 5 cases 
of proved tumor of the cord, it occurred in 9 of a series of 13 cases of 
herniation of the intervertebral disk. 


COMMENT 

The possible dangers of prolonged jugular compression appear to 
be negligible, judging from the reactions experienced in this series. 
Occasional patients complained of discomfort, and in rare instances the 
procedure was interrupted because of pain or lack of cooperation. With 
the release of compression, however, relief was immediate and complete 
in all cases. The worst effects of prolonged jugular compression might 
logically have been expected in patients with tumors of the brain, in 
whom the intracranial pressure was already elevated. In this series 
such a danger did not materialize. Changes in the degree of papilledema 
and permanent alterations in other signs accentuated by the jugular com- 
pression test were not observed. In patients with lesions of the spinal 
cord recovery from alterations in the physical signs was likewise com- 
plete, with 1 exception. In a patient with hemangioma of the spinal 
cord, a higher sensory level which correctly indicated the site of the lesion 
did not disappear with the release of compression. 

Two patients with proved tumor of the brain who_ initially 
failed to show a positive response to prolonged jugular compression 


had marked exaggeration of signs and symptoms after pneumo- 
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yentriculographic examination. Prolonged jugular compression, thus, 
is far less severe in its effects than such injections of ethylene or air. 

In cases of tumors of the spinal cord the alarming exaggeration of 
signs and symptoms which have occasionally been reported * after lumbar 
puncture or lumbar puncture and jugular compression (Queckenstedt 
test) is scarcely to be expected with jugular compression alone. If used 
with discretion, the risk of prolonged jugular compression is minimal in 
comparison with other diagnostic tests used routinely. 

Studies '! have shown conclusively that rises of cerebrospinal fluid 
pressure, beyond those produced with the degree of jugular compression 
used in this study, cause no alterations in blood pressure. Since the 
rise of pressure is limited to the venous and extravascular spaces, there 
would appear to be no contraindication to its use with patients suffering 
from diseases of the vascular system, other than arteriovenous aneurysms, 
which are recognizable by their bruit. 

Although the dangers of prolonged jugular compression thus appear 
to be negligible, it is obvious that the test should be used with caution 
in the case of patients with suspected tumors of the brain stem or 
posterior fossa. As such patients occasionally are known to die suddenly 
either spontaneously or during periods of physical effort and strain, 
employment of the test should be avoided with patients who have 
advanced and obvious tumors of the brain stem. 

The work of Bedford '* indicates that there is a return to normal 
cerebrospinal fluid pressure with prolonged jugular compression. This 
is known to occur rather slowly, however, and would not materially 
affect a ten minute period of application. 

The changes in signs and symptoms occurring with prolonged jugular 
compression can probably be explained on the same basis as the signs 
and symptoms which characterize space-consuming lesions of the central 
nervous system. Jugular compression probably acts merely to accentuate 
the changes which have already occurred as a result of the pressure 
produced by this type of lesion. Direct pressure on nerve tracts and 
centers and localized anoxemia due to impairment of the vascular supply 
to nerve centers appear to be the most likely physiologic mechanisms 
for the production of these changes. These, and other possible 
mechanisms, are perhaps best exemplified in the studies concerned with 
alterations in the visual fields. Such changes have been observed 
frequently after pneumoencephalographic examination and craniocerebral 


11. Bedford, T. H. B.: The Effect of Prolonged Occlusion of the Externai 
Jugular Veins on the Cerebrospinal Fluid and the Torcular Venous Pressures 
of the Dog, Brain 59:324-336 (Oct.) 1936. Loman, J.: Human Craniovertebral 
Dynamics, Am. J. Surg. 39:479-494 (March) 1938. 

12. Bedford, T. H. B.: The Origin of the Fall in the Pressure of the Cerebro- 
spinal Fluid After Its Artificial Elevation by Jugular Compression, Brain 61:62-69 
(March) 1938. 
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injuries.’*  Anoxemia, increased intracranial pressure, and in fact jugular 
compression, have been shown '* to produce alterations in the visual 
fields, and the changes observed in this study are entirely consistent with 
these. Since increased intracranial pressure is known to cause relative 
anoxemia of the brain, the similar effects of these two conditions on the 
visual fields may be understood. Also, it has been shown '** that 
anoxemia markedly exaggerates existing defects in the visual fields and 
frequently unmasks conditions which otherwise would have escaped 
detection. These facts suggest that relative anoxemia, secondary to 
venous stasis and an increase in the intracranial pressure, may be an 
important factor in the production of the visual changes observed with 
prolonged jugular compression. The possibility of exaggeration of a 
defect produced by direct pressure on the optic pathways is obvious and 
needs no further comment. Several instances in this series suggest this 
mechanism of action. It seems likely that either mechanism alone, or 
in many cases a combination of the two, might well explain the results 
obtained in this study. 

As observed previously, the changes occurring with prolonged 
jugular compression were most marked and frequent with lesions of the 
spinal cord. This was to be expected, considering the fact that a maxi- 
mum of vital tracts are concentrated within the sharply confined limits 
of the rigid vertebral canal. Because of this it seems likely that the pro- 
longed jugular compression test will prove more valuable in the diagnosis 
of lesions of the spinal cord than of those of the brain. 


SUMMARY 

For diagnostic purposes the signs and symptoms of disease of the 
central nervous system caused by space-consuming lesions may safely 
be exaggerated temporarily by prolonged jugular compression. The 
technic of such compression by the use of the ordinary sphygmoman- 
ometer and the results obtained in 100 patients with various neurologic 
conditions are presented. With rare exceptions, negative responses 
were obtained in patients with epilepsy and degenerative diseases of 
the central nervous system. Prolonged jugular compression is thus of 
considerable value in differential diagnosis. For space-consuming lesions 


13. Masson, C. B.: The Disturbances in Vision and in Visual Fields After 
Ventriculography, Bull. Neurol. Inst. New York 3:190-209 (June) 1933. Rand, 
C. W.: Alterations in the Visual Fields Following Craniocerebral Injuries, Arch. 
Surg. 32:945-989 (June) 1936. 


14. (a) Wilmer, W. H., and Berens, C.: Medical Studies in Aviation: V. 
The Effect of Altitude on Ocular Functions, J. A. M. A. 71:1394-1398 (Oct. 26) 
1918. (b) Sauer, W. W.: Effect of Altitude on the Eyes of Aviators and 
Observers, Ohio State M. J. 20:629-633 (Oct.) 1924. (c) Evans, J. N., and 
McFarland, R. A.: The Effects of Oxygen Deprivation on the Central Visual 
Field, Am. J. Ophth. 21:968-980 (Sept.) 1938. 
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of the central nervous system and herniations of the intervertebral disk, 
the test proved a valuable addition to the neurologic examination in 
corroborating the more obvious diagnoses and in contributing new data 
in cases in which the diagnosis was difficult and obscure. 


DISCUSSION 

Dr. JAmes B. Ayer, Boston: My colleagues and I, like many others, utilize in 
routine tests the effects of coughing, sneezing, grunting and transitory jugular 
compression in accentuating latent root pain, and Viets long ago observed the 
change of position of a tumor of the cauda under such conditions. 

The employment of prolonged jugular compression for such a purpose and for 
the elicitation of masked signs was suggested to us by Dr. Aird in a recent visit. 
Our resident, Dr. Gundersen, and I have now utilized this technic in 17 cases, the 
results of which will be briefly summarized. 


1. Of 5 cases of supposed herniated lumbar disk, the test gave positive results 
in 3, all of which were correct. In 2 cases the response was negative, and in 1 
of these exploration failed to show herniation of the disk. 

2. Of 3 suspected cases of tumor of the spinal cord, the results were positive 
in 1, in which exploration has not yet been done, and negative in 2, in which tumor 
is no longer suspected. 

3. Of 5 cases of tumor of the brain, oculomotor palsy was increased in 1, opera- 
tion revealing an astrocytoma of the right hemisphere, and the visual fields were 
narrowed temporally during the test in another, a case of suspected pituitary tumor. 
Negative results were obtained in 3 cases not proved to be instances of tumor. 

4. In 1 case each of multiple sclerosis, polyneuritis, epilepsy and syringomyelia 
the results of the test were negative. 

In summary, our findings in 17 cases tentatively parallel those of Dr. Aird. 

Whether the possible risk involved is worth while is still uncertain in my mind. 
I should hesitate to carry out prolonged jugular compression on patients with sup- 
posed subtentorial tumor, aneurysm, hemangioma or marked vascular degeneration. 
Yet we must admit performing the test without ill effect in a case in which a 
bruit was heard subsequently. 

Dr. Tracy J. Putnam, New York: It seems to me that this ingenious test 
which Dr. Aird proposes is a welcome addition to the means already available of 
altering artificially the neurologic signs in a given case. All are familiar, I am 
sure, with the various technics already suggested, such as the injection of sco- 
polamine, overventilation and rapid winking, which sometimes are successful in 
eliciting signs or in making them more definite in a case in which the diagnosis 
is obscure. 

Dr. Aird was good enough to send me his manuscript some weeks ago, and I 
asked our resident, Dr. Vicale, to try this test in a few cases. Our success was 
not as great as that of Dr. Aird. The test was performed in 16 cases. Two 
definitely false positive results were obtained: the first in an unquestionable case of 
multiple sclerosis in which the outstanding lesion was in the high cervical portion 
of the cord, and the second in the case of a woman with focal sensory fits in 
which the lesion was shown not to be neoplastic by pneumoencephalographic 
studies and in which on the basis of other criteria as well it was felt that the lesion 
was not neoplastic. In both these instances the modification of the neurologic 
picture produced by prolonged jugular compression was striking indeed. A third 
positive result may in time prove to be false, since on the basis of other evidence 
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it does not seem that the patient will prove to have either a tumor or a herniated 
disk. Surgical verification is not available in this case, since she is improving. 

Two definitely false negative results were obtained: the first in a surgically 
verified instance of herniated disk between the fifth lumbar and the first sacral 
vertebra and the second in a case of left frontal glioblastoma multiforme, in which 
the outstanding manifestations were an epileptic variant and a personality change. 

I do not feel this means that the test has no value. We were doubtless not 
expert enough. This is the sort of procedure with which one must persevere for 
some time, even if the first few experiments are not wholly successful. 

I feel that Dr. Aird is to be congratulated in bringing this matter before the 
association, and I can assure him we intend to try it again, and I hope it will prove 
a valuable addition to neurologic examination. 


Dr. Rosert B. Arrp, San Francisco: I am of course happy that Dr. Gundersen 
and Dr. Ayer have confirmed my findings in their own studies. I do not, however, 
concur in Dr. Ayer’s fears with respect to the possible dangers of the method. The 
fact that arterial blood pressure is not altered and that the alteration in pressure 
occurs in the venous and extra-arterial spaces and is quantitatively insufficient to 
approach even the lowest pressures within the arteries would seem to argue against 
the possible danger of acute accidents in cases of cerebrovascular conditions. If 
Dr. Ayer has in mind the danger of anoxemia, consequent to increased venous 
pressure and slowed cerebral circulation, my feeling is that the test does produce 
such changes in many cases, but that they are relatively slight exaggerations of an 
abnormal physiologic situation already present and over the limited period in which 
they are applied are not sufficient to produce serious or irreversible changes. On 
the other hand, a word of caution is not out of place. Reasonable discretion is 
imperative in using the test. It is obvious that it should not be carried out, for 
example, in cases of advanced tumors of the posterior fossa. Also, I must admit 
that I have used it cautiously in cases of vascular lesions and have avoided its use 
in cases in which an intracranial bruit suggested an arteriovenous fistula or an 
aneurysm. 

Ii I correctly understood Dr. Putnam’s remarks, negative results were to be 
expected in his cases. The occurrence of a falsely positive response, however, is 
disturbing. Frankly, I should like to know more details about this case. In 
general, and without any reflections on Dr. Putnam’s resident, I should like to 
add that from my own experience with the test I feel that certain criteria are 
essential for good results. A slow or poorly trained operator almost certainly 
will not get the best results. Experience and practice are important also. Signs do 
not leap out at one like a jack-in-the-box just because they are exaggerated by pro- 
longed jugular compression. They must be looked for, and looked for intelligently. 
One must know what signs are most apt to be altered and be fully acquainted with 
one’s patient and the exact status of the neurologic signs prior to compression, for 
without this standard of comparison changes cannot be fairly evaluated and the test is 
meaningless. Care must be taken to avoid eliciting a “positive” response from a 
suggestible patient on the basis of subjective symptoms. Above all, practice in 
performing the test and experience in interpreting the results, fairly and impartially, 
are essential. In other words, the test is by no means as simple as it might at 
first appear, and, finally, like all other clinical tests, or laboratory tests for that 
matter, it is not infallible. The experience in 100 cases is not sufficient, of course, 
to define its limitations. Negative results are almost certainly not as significant 
as positive results. In my experience, a good positive response has been constantly 
dependable, and in many instances a positive reaction has been of great diagnostic 
value. 
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CLINICAL TRIAL OF BETA ERYTHROIDINE 
HYDROCHLORIDE IN HYPERTONIC AND 
IN HYPERKINETIC STATES 


VICTOR W. EISENSTEIN, M.D. 
PITTSBURGH 
AND 


MILTON TARLAU, M.D. 
NEW YORK 


In 1939 Burman ! first reported clinical experience with the use of 
erythroidine hydrochloride in treatment of spastic and dystonic states 
and indicated that this drug showed promise in the treatment of these 
conditions. Considerable interest has recently been aroused regarding 
the possibilities of utilizing this and related curariform drugs in treatment 
of other neurologic conditions,” as well as in conjunction with convulsive 
therapy for mental disorders.* A controlled study of the clinical 
properties of erythroidine preparations therefore appeared desirable. 

Since the publication of the classic accounts of Loewi,* Dale * and 
their co-workers on the chemical mediation of nerve impulses, great 


From the service of Dr. E. G. Zabriskie, Department of Neurology, Welfare 
Hospital for Chronic Diseases. 

1. Burman, M. S.: The Therapeutic Use of Curare and Erythroidine Hydro- 
chloride for Spastic and Dystonic States, Arch. Neurol. & Psychiat. 41:307 (Feb.) 
1939. 

2. Bennett, A. E.; Bennett, A. L., and McIntyre, A. R.: The Pharmacology 
and Therapeutic Action of Curare, Scientific Exhibit, Section on Pharmacology and 
Therapeutics of the American Medical Association, New York, June 10, 1940. 
Bennett, A. E.: Preventing Traumatic Complications in Convulsive Shock Therapy 
by Curare, J. A. M. A. 114:322 (Jan. 27) 1940. 

3. In personal communications Dr. H. S. Newcomer, of E. R. Squibb & Sons, 
and Dr. D. F. Robertson, of Merck & Co., Inc., reported: ‘We are being over- 
whelmed with requests for [curare]” and “we anticipate that there will be a sharp 
rise in the number of these [inquiries for curare and curare-like drugs]. Bennett 
and others.2 Rosen, S. R.; Ziegler, J. B., and Cominole, B.: Pharmacologic 
Modification of the Metrazol Convulsion, J. Am. Pharm. A. (Scient. Ed.) 29:164 
(April) 1940. Rosen, S. R.; Cameron, D. E., and Ziegler, J. B.: The Prevention of 
Metrazol Fractures by Beta-Erythroidin Hydrochloride, Psychiatric Quart. 14:477 
(July) 1940. 

4. Loewi, P.: Ueber humorale Uebertragbarkeit der Herznervenwerkung, 
Arch. f. d. ges. Physiol. 189:239, 1921; 193:201, 1921; Humoral Transmission of 
Nervous Impulses, in Harvey Lectures, 1932-1933, Baltimore, Williams & Wilkins 
Company, 1934, p. 219. 

5. Dale, H. H.: Transmission of Nervous Effects by Acetylcholine: Harvey 
Lecture, Bull. New York Acad. Med. 13:379 (July) 1937. 
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impetus has been given to the study of drugs which affect the myoneural 
junction. West.” Burman,' Bennett associates,? Hoefer and 
Putnam * and others * have sought to influence spasticity, rigidity and 
hyperkinetic states in man by the use of curare and drugs with related 
pharmacologic properties. In 1932 West® studied the effect of curare 
in 30 cases of “pyramidal and extra-pyramidal rigidity” in man and 
observed that the results were on the whole irregular and unsatisfactory 
and that there was lacking an adequate margin of safety between the 
rigidity-removing (lissive) dose and that affecting respiration. These 
properties, together with the transitory action of curarine, rendered 
curariform drugs unsuitable, in his opinion, for the treatment of chronic 
conditions. Burman’s experience with the use of curare in cases of 
dystonia musculorum deformans pointed to the therapeutic value of the 
drug but called attention to the alarming toxic symptoms which were 
sometimes encountered in its use. In the attempt to overcome the 
objectionable features inherent in curare itself, Burman! turned to 
another drug which exhibited a curare-like action. He reported his 
experience with the crude preparation of erythroidine hydrochloride 
obtainable at the time and indicated that this preparation appeared 
promising and had a wider range of safety than curare. 

Recently a survey was made of the alkaloids of the 105 known 
species of Erythrina plants,° and data were presented showing in 51 
species the presence of alkaloids which caused a curare-like action in 
the frog. In view of the difficulty in obtaining curare, the possibilities 
of a drug which is more readily procurable appeared well worthy of 
study. In 1939, the results of studies on animals were reported by 
Unna.'® Several new alkaloids isolated in pure form from various 
species of Erythrina were tested. In frogs doses of 2 to 10 mg. per 

6. West, R.: Intravenous Curarine in Treatment of Tetanus, Lancet 1:12-16 
(Jan. 4) 1936; The Pharmacology and Therapeutics of Curare and Its Constituents, 
Proc. Roy. Soc. Med. 28:565 (March) 1935; Curare in Man, ibid. 25:1107 (May) 
1932. 

7. Hoefer, P. F., and Putnam, T. J.: Action Potentials of Muscles in Rigidity 
and Tremors, Arch. Neurol. & Psychiat. 43:704 (April) 1940; Action Potentials 
of Muscles in “Spastic” Conditions, ibid. 48:1 (Jan.) 1940. 

8. Harvey, A. M.; Masland, R. L., and Wigton, R. S.: The Action of 
Quinine Methylchloride and Beta-Erythroidine in Human Subjects and a Method 
for Its Quantitative Determination, Am. J. M. Sc. 199:878 (June) 1940. 

9. Folkers, K., and Unna, K.: Erythrina Alkaloids: II. A Review and 
New Data on the Alkaloids of Species of the Genus Erythrina, J. Am. Pharm. A. 
27:693 (Aug.) 1938; Comparative Curare-Like Potencies of Species of the Genus 
Erythrina, ibid. 28:1019 (Dec.) 1939. 

10. Unna, K.: Curare-Like Action of Erythrina Alkaloids, Am. J. Physiol. 
126:644 (July 1) 1939. 
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kilogram of body weight caused typical curare-like paralysis of very 
short duration. Higher doses caused paralysis lasting up to four days. 
The paralysis in cats was of remarkably short duration. In cats and 
rabbits, as shown by the electromyogram, the skeletal muscles were 
paralyzed before the diaphragm, and it was possible to keep cats 
motionless and nearly completely paralyzed for one hour without 
affecting respiration. In contrast to curare, Erythrina alkaloids seemed 
to be rapidly metabolized, and no trace was found in the urine. With 
these substances, as with curare, physostigmine and physostigmine-like 
substances proved to be highly effective antidotes. 

These favorable findings, together with the factor of safety in utilizing 
prostigmune as an antidote to the drug, justified a further clinical trial 
of alkaloids extracted from the Erythrina bean. <A pure crystalline 
alkaloid, beta erythroidine hydrochloride, was chosen for trial." 

One purpose of the present study was to observe whether the 
impulses causing tremor in parkinsonism could be blocked at the 
myoneural junction and the tremor thus suppressed. Another was to 
determine if possible what benefit could be obtained from the use of 
the drug in hypertonic states, both in the plastic rigidity of parkinsonism 
and in the spastic states characteristic of hemiplegia and paraplegia. 


METHOD 


A trial series of 11 patients was studied. Of these, 8 had chronic encephalitis 
with parkinsonism and 3 infantile cerebral palsies (Little’s disease). All were 
adults in whom the disease had been established for ten years or longer. The 
youngest patient was 32 and the oldest 59. 

Each patient was observed during several control periods, in which objective 
data regarding the tremor and the degree of hypertonus were recorded, as indicated 
later in the paper. In addition, during each period records of the pulse, blood 
pressure, temperature and relevant laboratory and neurologic findings were made. 

In the & cases of parkinsonism quantitative observations were made on the rate 
and amplitude of tremor and on the mobility of the rigid member. These were 
recorded (1) during a period of no medication, (2) during standard treatment 
with atropine, scopolamine or both, (3) after the intravenous injection of physiologic 
solution of sodium chloride as a control and (4) after the intravenous injection of 
beta erythroidine hydrochloride. 

A 10 per cent solution of beta erythroidine hydrochloride dissolved in distilled 
water was employed. The solution was sterilized by filtration, since the drug is 
unstable to heat. The dose employed varied from 300 mg. to 1 Gm., or the 
equivalent of 10 mg. per kilogram of body weight in most cases. The drug was 
very slowly and cautiously administered intravenously, at a rate not exceeding 1 cc. 
of solution (100 mg. of beta erythroidine hydrochloride) per minute. 


11. Merck & Co., Inc., prepared and supplied the crystalline beta erythroidine 
used in this study. 
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RESULTS 


Beta erythroidine hydrochloride in the dosage employed in this 
study exerted little perceptible effect on hypertonicity, as tested by 
passive motion of the involved forearm. In 2 of the 8 cases of 


Data on Clinical Trials of Beta Erythroidine Hydrochloride 


Dose of 
Beta 
Erythroi- Diminution of 

Case, Degree Degree dine, Mg. -————~———— 

Sex, ot of Intra- Hyper- Comment, Reactions and 

Age Diagnosis Tremor Rigidity venously Tremor tonus Toxic Effects 

1 Parkinsonism + +++ 600 None None Dizziness; headache 

M (chronic 

3 encephalitis) 

2 Parkinsonism -+ 500 None Slight Unpleasant sensation of ful- 

M (chronic ness; giddiness; amplitude 

43 encephalitis) of tremor aggravated for 
about one-half hour as arms 
become more relaxed 

3 Parkinsonism - 500 None Very Some increase in amplitude 

M (chronic slight of tremor; drowsiness, 

«59 encephalitis) diplopia; mental confusion 
and aimless wandering for 
several hours after admin- 
istration of drug 

4 Parkinsonism - 950 None Very Dizziness and pounding sen- 

M (chronic slight sation in head, beginning 

43 encephalitis) with injection of first 100 
mg. of drug: lassitude and 
prostration for six hours 
afterward 

5 Parkinsonism - + 400 None None No observable reaction 

F (chronie 

49 encephalitis) 

6 Parkinsonism 500 None Unpleasant sensation of 

F (chronic fulness in head 

58 encephalitis) 

7 Parkinsonism - - 300 Slight Dizziness, faintness, tachy- 

(chronie eardia; blurring of vision 

59 encephalitis) during injection 

8 Parkinsonism : : 1,000 None Very Exaggeration in amplitude 

F (chronie slight of tremor after injection of 

50 encephalitis) 400 mg. of drug; tremor 
suppressed as toxie reaction 
set in; severe reaction with 
cyanosis, suppression of 
respiration, slowed, irregu- 
lar pulse, unconsciousness; 
recovery after administra- 
tion of prostigmine 

9 Little’s disease (spastic) 600 ee None Marked dizziness after first 

F +++ 100 mg. of drug was given; 

390 drowsiness, severe headache, 
stifling sensation 

10 Little’s disease - (spastic) 500 ee None Terrifying sensation of 

F ttt spinning, headache; no 

35 effect on athetoid movye- 
ments 

11 Little’s disease _ (spastic) 800 Fark None Dizziness, pallor; no effect 

M ++ on ankle clonus or athetoid 

32 movements 


parkinsonism the degree of rigidity was reduced by approximately 
one third for a period of twenty to thirty minutes after the injection; 
in 3 others the degree of reduction was evaluated as less than one third. 
In 3 cases no change was observed. The degree of improvement was 
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not related to the total amount of drug administered, for the patients 
showing the greatest degree of relaxation had received 300 to 500 mg. 
of the drug, while those showing the least response had received 500 
to 1,000 mg. The amount of muscular relaxation obtained with 
erythroidine in the first 2 cases already referred to exceeded that which 
was observed during the period when the patients were receiving atropine 
medication. However, in 2 cases in which the degree of relaxation 
was very slight a similar result was observed after the intravenous 
injection of the physiologic solution of sodium chloride as a control. 

In 5 of the 8 cases of parkinsonism the injection of beta erythroidine 
apparently resulted in slight lissive action, as tested by active motion, 
i. e., ability of the patient voluntarily to flex and extend the affected 
forearm rapidly on command. A normal person can alternately extend 
and flex the forearm about 30 or 40 times to the quarter-minute. Because 
of muscular rigidity, the patients with parkinsonism were able to achieve 
only one fourth of this record, averaging 6 to 10 alternations per 
quarter-minute (during the period in which they received no treatment ). 
The administration of beta erythroidine was followed in 5 of the 8 cases 
by measurable improvement in performance, i. e., an increase from 7 
or & to 12 or 14 alternate movements under identical conditions of the 
test. However, comparable degrees of improvement in performance 
were noted in 2 of these cases after injection of physiologic solution of 
sodium chloride as a control and in the others (cases 3, 4 and 6) during 
the period of standard atropine-scopolamine medication. The degree 
of lissive action obtained with erythroidine, as determined in objective 
tests and by control studies, was therefore not clinically significant. 

Spasticity in 3 cases of Little’s disease was unaffected by beta 
erythroidine hydrochloride in doses of 500 to 800 mg. Likewise, the 
ability to flex and extend the affected forearm showed no change. 
Observations on ankle clonus in 1 of these cases indicated no alteration 
after administration of erythroidine. 

Six of the 8 patients with parkinsonism in this series presented 
tremors of the hand with a frequency of 150 to 220 per minute. In 
no instance was the rate of the tremor modified by administration of 
beta erythroidine. However, the amplitude of the tremor was definitely 
increased during the hali-hour after the injection in 3 instances (cases 2, 
3 and 8). No such exaggeration was obtained after the injection of 
the solution of sodium chloride as a control. The increased excursions 
following injection of the drug were found only in those cases in which 
there was coincidentally exhibited some loosening of the muscles: the 
involved extremity became limber and more flail-like, allowing a wider 
excursion of movement. Hyperkinesis in the form of athetoid move- 
ments, which was present in 2 of the 3 cases of Little’s disease, remained 
unchanged after administration of erythroidine. 
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TOXIC REACTIONS AND UNDESIRABLE SIDE EFFECTS 

Since the preliminary work with erythroidine '* suggested that the 
toxicity of this drug was lower than that of curare and that it promised 
a wider range of safety, our attention was attracted particularly by this 
attribute of the drug. Our experience, however, indicates that beta 
erythroidine exhibits constant and disagreeable side effects. These 
effects become manifest however slowly and cautiously the substance 
was administered. Ordinarily, after receiving the first 100 mg. of the 
drug the patient complained of a whirling or giddy sensation, often 
accompanied by a “sinking feeling.” Practically all of the patients (10) 
complained of an unpleasant feeling of fulness in the head, particularly 
in the occipital region. .\s the injection was continued an overpowering 
sense of weakness, often fright, was experienced. The eyelids became 
heavy and drooped, and the subject was unable to open them on com- 
mand. One patient complained of blurred vision and another of diplopia. 
A sense of breathlessness, accompanied by shallower breathing and by 
facial pallor, occurred in 7 of the patients. One patient (case 3), suffer- 
ing from chronic encephalitis with parkinsonism, who received 500 mg. 
of the drug became confused and wandered aimlessly about the halls, 
for the first time ; another (case +) who received 950 mg. felt “as if sea- 
sick” and was confined to bed for the remainder of the day, refusing food 
and drink. 

The most alarming reaction was encountered in case 8, that of an 
ambulatory woman patient suffering from chronic encephalitis with 
parkinsonism. ‘This reaction is worthy of detailed description. The 
injection was administered slowly, so that a total of 4 cc. (400 mg.) had 
been given over a period of five minutes. The pulse had risen from the 
initial rate of 80 to 100 per minute. The patient’s eyelids were observed 
to droop, whereon she was asked how she felt and responded that 
she was in no discomfort. The initial blood pressure was 110 systolic 
and 80 diastolic, and at the time of questioning it was 112 systolic and 70 
diastolic. As the injection was slowly continued the tremor of the hands 
was observed to increase in amplitude, while the patient’s limbs became 
less rigid. A total of 10 ce. (1 Gm.) of beta erythroidine hydrochloride 
was administered. \Vithin two minutes after completion of the injection 
the patient appeared stuporous, her face became cyanotic and she gasped 
inettectually for air. She rapidly passed into unconsciousness, became 
deeply cyanotic and stopped breathing. The jaw hung open, and the 
uvula presented several slow clonic twitches. The heart rate was slowed 
to 60 per minute and then became still more infrequent and irregular. 
An injection of 2 cc. (0.5 mg.) of prostigmine methylsulfate was given 
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at once, and artificial respiration was instituted. \Vithin several minutes 
the rate and volume of the pulse improved and normal respiration was 
reestablished. Within five minutes the patient responded; she felt 
extremely weak and was amnesic for the immediate events preceding 
her collapse. Further recovery was uneventful. Experience in her case 
emphasized the necessity for caution. 


COMMENT 

The almost uniform occurrence of undesirable side effects, with a 
minimum of benefit, characterized the action of beta erythroidine as 
tested clinically in this series. Whether an improved, longer-acting 
preparation, such as tetrahydrobetaerythroidine, would be devoid of these 
actions remains to be ascertained. Other preparations, such as quinine 
methylchloride * and quaternary ammonium bases,’* have also been sug- 
gested as useful for their curare-like action, but it must be emphasized 
that these drugs have dangerous potentialities. Curare itself has been 
difficult to obtain as well as difficult to standardize. Hoefer and Putnam * 
said of curare that not all samples were effective ; some produced general 
effects of a highly toxic nature while others had only an equivocal 
effect. From the experience reported to date '* it is apparent that 
the duration of the action of curare, while brief, still is longer than that 
exhibited by beta erythroidine. The recent physiologic experiments 
on human subjects by Harvey and his associates * indicate that during 
injection of beta erythroidine little weakness of the somatic muscles 
was evident, but successive action potentials after repetitive nerve 
stimulation showed an exponential decline in size. Each single response 
was reduced in amplitude and was followed by a period of depression 
lasting somewhat over two seconds. In the discussion on Burman’s 
original contribution, Putnam stated: “In my experience there have 
been no lasting effects with the erythroidine group.” ! 

Bremer and Titeca '* concluded from studies on decerebrate rigidity 
that rapid impulses are blocked by curare, while slow impulses still pass 
the myoneural junction. Electromyographic studies indicate that the 
characteristic parkinsonian tremor consists of “bursts” of innervation, 
affecting alternately the protagonist and the antagonist muscles, at a 
rate of about 5 per second, while voluntary innervation shows contraction 
frequencies of 300 to 350 per second.’ It might be supposed that the 
failure of beta erythroidine to affect the tremor of parkinsonism was due 


13. Ing, H. R.: Curariform Action of Onium Salts, Physiol. Rev. 16:527 (Oct.) 
1936. 
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15. Bremer, F., and Titeca, J.: Atonie curarique et inhibition de Wedensky, 
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to the inability of this curare-like drug to influence nerve impulses of 
slow frequency. However, Hoefer and Putnam,’ from their careful 
studies on muscle action potentials, concluded that no specific influences 
of curare on certain frequency ranges could be observed. 

‘The general impression gained from observation of the patients of 
this group is that beta erythroidine hydrochloride in doses of less than 
1 Gm. exerts a slight, transient and inconstant lissive (loosening ) action. 
Rosen and his co-workers '® reported that the duration of erythroidine- 
induced paralysis in dogs was four to sixteen minutes. They used 
smaller doses of the drug (4+ mg. per kilogram) than we employed, but the 
duration of action of the drug in our studies was observed to be about 
equally brief. Because of the observation of one severe reaction and 
several unpleasant side effects, we did not feel justified in risking the 
administration of larger doses, which might have produced a more 
marked effect on muscular rigidity, and perhaps on the tremor, In 
spite of theoretic considerations, it appears that loosening of rigidity 
does not necessarily diminish, but often exaggerates, the amplitude of 
the tremor. Flail-like excursions of the hand, which had previously 
shown a tremor of lesser amplitude, were observed in three of the cases 
in our study in which some lissive effect was exhibited. Similarly, 
West," in his clinical experiments with curare, observed that when the 
rigidity was abolished the tremor was of wider amplitude. 

The toxic reactions encountered clinically are out of all proportion 
to those observed in animal experiments with Erythrina alkaloids.'* The 
warning signs of toxicity are subjective, in the nature of dizziness, 
pounding headache and substernal oppression, and can of course be 
elicited only from the human subject. Objectively, ptosis of the evelids 
and weakness of the muscles of the throat follow. If the early signs 
are unheeded during the administration of the drug, respiratory paralysis 
may ensue. Though the potential usefulness of a safe curariform drug 
in clinical neurology would be tremendous, the known hazards of such 
drugs, as exemplified in these reactions, must emphasize the need for 
the utmost caution in their further clinical investigation. 


CONCLUSIONS 

Clinical experience with beta erythroidine hydrochloride, a drug 
wossessing a curare-like pharmacologic action, indicates that it exerts a 
] 
slight, constant and transient lissive (loosening ) action on the skeletal 


16. Rosen, S. R.; Ziegler, J. B.. and Cominole, B.: Pharmacologic Modifica- 
tion of the Metrazol Convulsion, J. Am. Pharm. A. (Scient. Ed.) 29:164 (April) 
1940. Rosen, S. R.; Cameron, E., and Ziegler, J. B.: The Prevention of Metrazol 


Fractures by Beta-Erythroidin Hydrochloride, Psychiatric Quart. 14:477 (July) 
1940. 
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musculature in hypertonic states. These etfects are accompanied by 
such constant and undesirable side effects as to militate against its 
clinical use. 

Observations in cases of chronic encephalitis with parkinsonism indi- 
cate that the drug has no value in the treatment of tremor. 

Beta erythroidine hydrochloride apparently possesses a small margin 
of safety and is not to be recommended for clinical trial. 
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POLIOENCEPHALITIS HAEMORRHAGICA OF 
WERNICKE ASSOCIATED WITH 
FEBRILE DISEASE 


REPORT OF TWO CASES, ONE OCCURRING DURING TYPHOID 
FEVER AND VERIFIED BY AUTOPSY 


Y. C. CHANG, M.D. 


a: H. SUH, 
AND 
MB. 


SHANGHAI, CHINA 


After Wernicke’s original publication! in 1881, polioencephalitis 
haemorrhagica was long thought to be associated with chronic alco- 
holism.° In recent years, however, many cases of the disease in non- 
alcoholic persons have been reported. Tanaka,® in 1934, observed this 
condition in breast-fed infants and it was interpreted in Japan as the 
result of “human milk intoxication.” In 1936 Uchimura and Akimoto * 
reported a case associated with cerebral vascular syphilis. Kornyey ° 
recorded 2 cases in 1937. In 1 of them a Korsakott psychosis developed 
after gastric resection for cancer, and in the other persistent vomiting 
accompanied recurrent carcinoma of the cervix uteri. In the same year 
Neuburger ° reported 3 cases of the disease associated with chronic 
gastritis. Polioencephalitis haemorrhagica had also been observed in 
cases of Hodgkin’s disease (KOrnyey*), subcutaneous and pulmonary 
abscesses and malaria ( Neubtirger*), scurvy (Alexander and Put- 
From the Division of Neuropsychiatry and the Department of Medicine, 
National Medical College of Shanghai. 

1. Wernicke, C. L.: Lehrbuch der Gehirnkrankheiten, Berlin, T. Fischer, 
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als Teilerkrankung der vascularen Hirnlues, Ztschr. f. d. ges. Neurol. u. Psychiat. 
152:685, 1935; abstracted, Arch. Neurol. & Psychiat. 35:1356 (June) 1936. 

5. Kornyey, S.: Wernicke-Korsakow-Prozess als Komplikation bosartiger 
extraneuraler Geschwulste, Deutsche Ztschr. f. Nervenh. 144:241. 1937. 

6. Neubtirger, K.: Wernickesche Krankheit bei chronischer Gastritis, Ztschr. 
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(Footnote continued on next page) 


658 


i 
| 


CHANG ET AL —-POLIOENCEPHALITIS HAEMORRHAGICA_ 659 


nam’), nutritional deficiency (Ecker and Woltman '°) and gastric car- 
cinoma, chronic dyspepsia with gallstones and an old gastroenterostomy, 
pernicious anemia (Campbell and Biggart,‘' Alexander '*), macrocytic 
anemia following resection of the bowel, pregnancy, bronchiectasis and 
chronic pyosalpinx (Campbell and Biggart '*) and malnutrition asso- 
ciated with depressive psychosis (Alexander '*). Also, in 1 of the 3 
cases reported by Wernicke himself the disease was nonalcoholic in 
origin. Recently \lexander and his co-workers '** succeeded in pro- 
ducing Wernicke’s disease in animals by extreme vitamin B, depletion, 
that is, in vitamin B,—deficient animals whose vitamin B, requirement 
had been raised by additional experimental procedures. 

In this communication, our purpose is to record 2 cases of polioen- 
cephalitis haemorrhagica associated with febrile disease. The diagnosis 
in 1 case was typhoid fever, confirmed by laboratory and autopsy observa- 
tions. In the other the cause of fever could not be ascertained, as the 
patient came under our observation one month after the subsidence of 
the high temperature. We have reasons to believe, however, that the 
case may also be one of typhoid fever. 


REPORT OF CASES 


Case 1.—C. C. C., a Chinese laborer aged 20, was admitted to the First Hospital 
of the Red Cross Society of China, Shanghai, on Oct. 6, 1938 because of con- 
tinuous fever for eight days, accompanied by general malaise, marked anorexia, 
loose bowel movements, frequent nausea and occasional vomiting. He appeared 
acutely ill and mentally drowsy, with a few rose spots on the chest and the 
abdominal wall. On October 14 marked horizontal nystagmus developed bilaterally. 
Three days later the drowsiness became more profound and both pupils were 
constricted. There was slight tenderness of both calves. The tendon reflexes 
were diffusely active, the left knee jerk being slightly more pronounced than the 
right. Gordon and Oppenheim signs were elicited on the left side. During his 
stay in the hospital the patient’s temperature fluctuated between 36 and 39.7 C. 


& Neuburger, K.: Ueber die nichtalkoholische Wernickesche Krankheit, 
insbesondere uber ihr Vorkommen beim Krebsleiden, Virchows Arch. f. path. Anat. 
298:68, 1936. 

9, Alexander, L., and Putnam, T. J.: Pathological Alterations of Cerebral 
Vascular Patterns, A. Research Nerv. & Ment. Dis., Proc. (1937) 18:471-543, 1938. 

10. Ecker, A. D., and Woltman, H. W.: Is Nutritional Deficiency the Basis 
of Wernicke’s Disease? J. A. M. A. 112:1794 (May 6) 1939. 

11. Campbell, A. C. P., and Biggart, J. H.: Wernicke’s Encephalopathy ( Polio- 
encephalitis Haemorrhagica Superior): Its Alcoholic and Non-Alcoholic Incidence, 
J. Path. & Bact. 48:245-262, 1939. 

12. Alexander, L.: Beriberi and Wernicke’s Hemorrhagic Polioencephalitis : 
An Experimental Study, in Comptes rendus des séances du Congrés neurologique 
international, Copenhagen, Einar Munksgaard, 1939, pp. 913-918; Wernicke’s Dis- 
ease: Identity of Lesions Produced Experimentally by B, Avitaminosis in Pigeons 
with Hemorrhagic Polioencephalitis Occurring in Chronic Alcoholism in Man, 
Am. J. Path. 16:61-70, 1940. 

12a. Alexander, L.; Pijoan, M., and Myerson, A.: Beriberi and Scurvy: An 
Experimental Study, Tr. Am. Neurol. A. 64:135-139, 1938. Alexander.!? 
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(96.8 and 103.4 F.) by rectum. Twenty-four hours before his death it suddenly 
went up to 41.0 C. (105.8 F.) and remained high until death. 

The laboratory findings were as follows: The hemoglobin content (Sahli) was 
15.6 Gm. per hundred cubic centimeters. The erythrocytes varied from 4,200,000 
to 5,100,000 and the leukocytes from 3,100 to 3,400 per cubic millimeter, with a 
normal differential count. The results of urinalysis were essentially normal. The 


Fig. 1—A, coronal section of the brain at the level of the mamillary bodies, 
showing marked congestion and petechial hemorrhages. 2, transverse section of 
the midbrain, showing marked congestion and petechial hemorrhages in the peri- 
aqueductal gray matter. C, transverse section through the anterior part of the 
fourth ventricle, showing marked congestion and petechial hemorrhages in nuclei 
in the floor of the fourth ventricle. 


guaiac test revealed occult blood in the stool. The blood culture was positive 
for Bacillus typhosus, and the Widal reaction to Bacillus typhosus O was obtained 
in a 1:320 dilution. The Wassermann reaction of the blood was negative. 
Examination of the cerebrospinal fluid showed an initial pressure of 70 mm. of 
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Fig. 2—Drawing showing areas of marked congestion and petechial hemor- 
rhages. 


Fig. 3—Photomicrograph (ocular 10; objective 4 mm.) showing perivascular 
hemorrhages and beadlike dilatations in the gray matter surrounding the third 
ventricle (J/J). Benzidine stain. 
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water, with normal dynamics. The fluid was light yellow, with a red cell count 
of 1,590 and a white cell count of 20 per cubic millimeter, 90 per cent of which 
were lymphocytes. The sugar of the cerebrospinal fluid measured 48 mg., the 
chlorides 660 mg. and the total proteins 28 mg. per hundred cubic centimeters. 

After admission the patient’s general condition became progressively worse. 
He died on October 20, two weeks after admission. Vitamin therapy was not given, 

Autopsy was performed about three hours after death. The body was well 
developed but poorly nourished and measured 178 cm. in length. On the back 
a few hemorrhagic spots were seen. In the peritoneal cavity was a small amount 
of purulent exudate, the omentum and intestinal loops being glued together with 
iresh fibrinous material. The mesenteric lymph nodes were moderately enlarged. 
In the lower portion of the ileum and upper part of the colon there were many 
ulcers, of different sizes. About 54 cm. above the ileocecal valve a small area 
of perforation was present. The other abdominal and intrathoracic organs were 
essentially normal except for petechial hemorrhages on the epicardium, the pleura, 
the peritoneum, the gastric mucosa and the right renal pelvis. 


Fig. 4—Photomicrograph (ocular 20; objective 4 mm.) showing swelling of 
ganglion cells and increased neuroglia cells in the left motor cortex. Nissl stain. 


When the skull was removed, the external surface of the dura mater on the 
whole left side and the posterior half of the right side of the brain appeared 
bluish. On opening the dura, the entire left cerebral hemisphere and the parietal 
and occipital lobes of the right hemisphere were observed to be covered with dark 
blood clots. 

The brain weighed 1,385 Gm. and measured 20 by 15.5 by 9 cm. The 
meninges appeared thin and translucent. The cortical blood vessels were con- 
gested. In the mamillary bodies and the gray matter immediately surrounding 
the third ventricle (including the hypothalamus), the cerebral aqueduct and the 
floor of the fourth ventricle, the congestion was much more marked, being especially 
striking in the mamillary bodies and the oculomotor nuclei. The lesions were 
symmetrically distributed, and minute hemorrhagic spots were seen in the mamillary 
bodies (fig. 1A, B and C). 

Specimens for microscopic examination were taken from the frontal, parietal 
and occipital lobes, the cornu ammonis, the basal ganglia, the hypothalamus, the 
midbrain at the level of the nuclei of the third and fourth nerves and the medulla 
at the level of the dorsal nuclei of the vagus nerves. These were fixed in dilute 
solution of formaldehyde U. S. P. (1:10) and stained with the Nissl, eosin and 
hematoxylin, Weigert-Pal, Van Gieson and benzidine methods. 
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Histologically, the most characteristic lesion was the marked hyperemia with 
the presence of numerous small “ball-shaped” perivascular hemorrhages in the 
mamillary bodies and the periventricular and periaqueductal gray matter, beginning 
at the level of the foramen of Monro and extending downward to the dorsal 
nuclei of the vagus nerves (fig. 2). The capillaries were greatly increased in 
width and were irregular in caliber, with beadlike varicose dilatations, such as 
were described by Campbell, Alexander and Putnam!* (fig. 3). These changes 
were best seen in the mamillary bodies, in the gray matter surrounding the third 
ventricle and in the oculomotor nuclei. No focus of leukocytic infiltration was 
observed, and Weigert-Pal preparations showed no signs of demyelination. In 
other regions no pathologic changes were found except moderate simple congestion 
of all the blood vessels. 

The ganglion cells in all the areas examined were normal in number but 
appeared uniformly pale and lightly stained. The Nissl bodies were completely 
absent in all these cells. Even in the Betz cells Nissl bodies were not observed. 
The vast majority of the ganglion cells appeared slightly swollen but otherwise well 
preserved in shape, with healthy-looking and centrally placed nuclei and nucleoli. 
In places, some of the Betz cells were greatly swollen and spheroid, with nuclei 
displaced to the periphery (fig. 4) ; that is, they presented the characteristic picture 
of neuronitis. The different cortical layers were well defined. In all of the 
sections there was a moderate increase of neuroglia cells, which were especially 
abundant in the white matter. 


CasE 2.—C. F. L., a girl student aged 17, was admitted to the First Hospital 
of the Red Cross Society of China, Shanghai, on Dec. 24, 1938. She had been 
unconscious for about ten hours. The patient had had continuous fever for four 
weeks, associated with marked anorexia, sudamina and fairly profuse sweating. 
Since the onset, she had been bedridden and her food intake limited to a small 
quantity of liquid food. Three days before admission she was noticed to be drowsy. 
The drowsiness became progressively deeper, and on the day of admission she 
lapsed into complete unconsciousness. 

For thirty-two hours after admission the patient’s temperature remained sub- 
normal, 35 C. (95 F.) per rectum. Both pupils were semidilated and did not 
react to light. The urinary bladder was distended to about 3 fingerbreadths below 
the umbilicus. All the tendon reflexes were exaggerated. There was tenderness 
of both calves. 

The laboratory findings were as follows: The hemoglobin content (Sahli) 
was 11.6 Gm. per hundred cubic centimeters. The erythrocytes numbered 4,600,000 
per cubic millimeter and the leukocytes 9,100, with a normal differential count. 
The blood platelet count was 240,000 per cubic millimeter, the bleeding time two 
and a half minutes and the coagulation time eight minutes. The Wassermann 
reaction of the blood was negative, and the Widal reaction against B. typhosus 
was obtained in a 1:80 dilution. Examination of catheterized urine showed a 
trace of albumin and the presence of acetone bodies. The stool was repeatedly 
positive for Trichuris eggs. Examination of the cerebrospinal fluid showed an 
initial pressure of 95 mm. of water, with normal dynamics. The fluid was 
homogeneously bloody on the day of admission. Eight days later it was xantho- 
chromic and contained 3,617 red blood cells and 13 white blood cells per cubic 
millimeter. Chemical examination of the cerebrospinal fluid showed 36 mg. of 


13. Campbell, A. C. P.; Alexander, L., and Putnam, T. J.: Vascular Pattern 
in Various Lesions of the Human Central Nervous System: Studies with the 
Benzidine Stain, Arch. Neurol. & Psychiat. 39:1150-1202 (June) 1938. 
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total protein, 62 mg. of sugar and 726 mg. of chlorides per hundred cubic centi- 
meters. The vitamin C contents of the blood and urine were not determined. 

Soon after admission the patient was given 40 cc. of a 50 per cent solution of 
dextrose intravenously, 2,000 international units of vitamin B, intramuscularly, 
0.25 Gm. of caffeine with sodium benzoate every four hours hypodermically and 
200 ce. of a 2.5 per cent solution of dextrose in physiologic solution of sodium 
chloride by rectum every six hours. She regained consciousness on the next 
day, and her temperature rose to 37.5 C. (99.5 F.) by mouth. During the 
following three weeks the patient had low grade fever, the temperature fiuctuat- 
ing between 37.6 and 38.3 C. (99.7 and 100.9 F.) by mouth. Under the 
regimen of treatment outlined, the patient made further improvement, and on 
the third day after admission she was able to feed herself. Two days later, 
however, marked horizontal nystagmus developed bilaterally. The optic disks 
appeared blurred and slightly hyperemic, with hemorrhagic spots in and along 
the margin of the disks. Petechiae appeared on the left arm, the left side of the 
chest and the abdomen. In the left antecubital region, where a venipuncture was 
performed two days previously, a large ecchymosis developed. The neck was 
slightly rigid. There was slight weakness of the lower right side of the face. 
The leit side of the soft palate was lifted higher than the right. The tendon 
reflexes were diffusely active, being slightly more so on the right, with a well 
sustained ankle clonus and a positive Chaddock and an equivocal Babinski sign 
on the same side. 

Aiter the fourth day of hospitalization, in addition to the daily intramuscular 
injection of vitamin B,, the patient was also given a daily dose of 2,000 inter- 
national units of vitamin C and 10 cc. of a 10 per cent solution of calcium chloride 
intravenously. With this scheme of treatment the patient made a steady recovery. 

On Jan. 4, 1939, however, the patient suddenly became irritable, quarrelsome, 
noncooperative, childish and talkative, with occasional crying spells for no obvious 
reason. Neurologic examination then showed diffusely exaggerated tendon reflexes, 
equal on the two sides, and marked horizontal nystagmus; otherwise nothing 
remarkable was found. At this time an extensive pressure sore developed in the 
sacral region; this was successfully treated with local compresses and dressings. 
The patient was discharged on March 7, with her mental status unimproved. 

She was readmitted for follow-up study on Sept. 29, 1939. Her mental and 
neurologic status remained much the same as at the time of hei discharge. 


COM MENT 

Although the cause of fever was not precisely known in case 2, the 
clinical picture closely resembled that in case 1. In both cases, the 
outstanding clinical features were the presence of continuous fever, 
marked anorexia, impairment of consciousness, marked horizontal 
nystagmus, cutaneous hemorrhagic spots, subarachnoid extravasation of 
blood and slight involvement of the pyramidal system. The impairment 
of consciousness was so marked in case 2 that at the time of admission 
the patient was completely unconscious. The striking difference in 
these two cases lies in the fact that in case 1 the neurologic manifesta- 
tions developed during the course of fever and in case 2 they appeared 
about one month after the subsidence of temperature. 

It is interesting to note that the administration of vitamins B, and C 
effected improvement in case 2. This is in harmony with the recent sugges- 
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tion that vitamin deficiency, particularly of vitamin B,, plays an important 
part in the causation of polioencephalitis haemorrhagica (Alexander, 
Campbell and Biggart '! and Ecker and Woltman’®). This suggestion 
receives further support from the experimental production of this con- 
dition in vitamin B,-deficient pigeons by Alexander and_ his 
co-workers. 

In both the present cases the development of neurologic manifesta- 
tions was preceded by a period of continuous fever and marked anorexia. 
Generally speaking, in the presence of anorexia and impaired gastro- 
intestinal function the vitamin intake and absorption are necessarily 
reduced. This will, in turn, decrease the vitamin concentration in the 
system. The presence of fever, on the other hand, raises the metabolic 
rate and calls for increased vitamin supply from the already depleted 
resources and thus reduces the vitamin concentration still further. When 
the vitamin concentration reaches a level lower than that of the minimum 
requirement the patient begins to show symptoms and signs of polio- 
encephalitis haemorrhagica. 

The incidence of alcoholism is rare in China; furthermore, neither 
of these patients gave a history of such a condition. so there is no need 
for us to consider it as a possible etiologic factor in these cases. In 
neither case did the infection seem to play a direct role in the production 
of this condition. This conclusion is supported by the fact that in case 
2 high continuous fever preceded by one month the development of 
polioencephalitis haemorrhagica, whereas in case 1 histologic examina- 
tion of the brain failed to reveal any signs of direct bacterial invasion. 

We agree with the general concept that there must be many factors 
at work in the causation of polioencephalitis haemorrhagica, among 
which deficiency of vitamin B, is one of the better known. Alone, that 
is without complicating factors which increase the vitamin B, require- 
ment, vitamin B, deficiency does not seem to be capable of producing 
polioencephalitis haemorrhagica, either in human beings or in experi- 
mental animals.'° This conclusion is further supported by the fact that 
among the many cases of beriberi, including those of the pernicious form 
observed in Shanghai, we have so far not encountered any in which the 
condition was complicated by polioencephalitis haemorrhagica. It is 
generally conceded that beriberi represents the classic picture of uncom- 
plicated vitamin B, deficiency. 

SUM MARY 

Two cases of polioencephalitis haemorrhagica associated with febrile 
disease are reported. The diagnosis of typhoid fever in 1 case was con- 
firmed by laboratory and autopsy findings. The pathogenesis in these 2 
cases is briefly discussed. 


14. Alexander, L.: The Neurologic Aspects of Alcoholism, Arch. Neurol. & 
Psychiat. 42:179-183 (July) 1939. 
15. Alexander (footnotes 12 and 14). Alexander and others.!2# 


| 
4 
a 


CORTICOMENINGEAL SCARS IN TRAUMATIC 
EPILEPSY 


LOCALIZATION BY PNEUMOGRAPHIC EXAMINATION OF THE 
SUBDURAL SPACE 


H. OLIVECRONA, M.D. 


STOCKHOLM, SWEDEN 


In many cases of traumatic epilepsy the presence and location of a 
scar in the brain may be demonstrated by fractures of the cranial vault, 
by neurologic defects or by the pattern of the epileptic seizures. 
Encephalograms frequently offer contributory evidence of the position 
of a scar and sometimes, when other signs are absent, may be the only 
clue to its location. Recently electroencephalograms have been shown 
to be of value for this purpose. 

Too frequently, however, surgical intervention in cases of traumatic 
epilepsy must be withheld because the presence and location of a cir- 
cumscribed scar in the brain or meninges cannot be demonstrated at 
all or the evidence is insufficient or conflicting. In cases of this type, 
in which the importance of the trauma preceding the occurrence of epi- 
leptic fits may also be doubtiul, pneumographic examination of the 
subdural space may be of value. 

Some years ago Penfield and Norcross’ recommended the intro- 
duction of air into the subdural space for the purpose of relieving post- 
traumatic headache. From a small burr hole a nick is made in the 
dura, while the cerebrospinal fluid is drained off through a lumbar 
puncture. As the subarachnoid space collapses the subdural space 
becomes filled with air, which may be sufficient to break filmy adhesions 
between the pia-arachnoid and the dura and to relieve pain due to the 
pull of these adhesions. It occurred to me that the same procedure 
might be used to demonstrate the presence and location of adhesions, 
which should presumably be present, when there is a scar in the under- 
lying cortex. 

REPORT OF A CASE 
M. S. W., a woman aged 23 came of a healthy family. She was operated on for 


mastoiditis at the age of 4 years. In 1919, at the age of 4, she fell from the third 
floor and struck the left side of the forehead against the ground. She did not 


From the Neurosurgical Clinic, Serafimerlasarettet, Stockholm, Sweden; 
Director, Prof. H. Olivecrona. 

1. Penfield, W., and Norcross, N. C.: Subdural Traction and Post-Traumatic 
Headache, Arch. Neurol. & Psychiat. 36:75 (July) 1936. 
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lose consciousness and was out of bed and well, as far as could be remembered, 
the day after the injury. Four months later she had an epileptic fit, concerning 
which no details were recalled. She was then entirely well until 1929, when, at 
the age of 14, she had another generalized epileptic fit. During the following 
years she continued to have epileptic seizures two or three times a year, until 
1936, when she had eleven fits altogether. 

When the fits reappeared in 1929 she was placed on a regimen of 0.15 Gm. of 
phenobarbital a day. Since 1931 she had been taking phenobarbital, sodium borate 
and bromides continuously, but the doses were not known. The last few years her 


Fig. 1—Pneumogram of the subdural space. Between the arrows a tentlike 
adhesion between the dura and the pia-arachnoid can be seen. 


memory had been poor, and she had to give up her studies, which she previously 
had been following with interest and success. She was admitted to the neuro- 
surgical clinic on Jan. 6, 1937. 

The general impression was that of a normally developed woman in fairly good 
health. Mentally, she was a little dull and her memory was poor, but otherwise 
there were no gross changes in personality. Neurologic examination gave negative 
results except for possible weakness of the right side of the face. On the forehead 
immediately to the left of the midline there was a tiny scar, which was the only 
visible evidence of the preceding trauma. 

The pattern of her epileptic fits was not definite enough to permit of any con- 
clusions. The attacks started with a tonic stage, which was then followed by clonic 


convulsions involving the entire body. There was no aura of any kind, and con- 
sciousness seemed to be lost at once. During the last few attacks the patient stated 
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that she had experienced contractions of the left side of the neck immediately before 
losing consciousness. Whether this meant turning of the head to the left or right 
could not be made out, since the attacks apparently had never been carefully 
observed. She usually bit her tongue during the attacks; urinary incontinence 
occurred only occasionally. 

Roentgenograms of the head revealed no trace of the preceding trauma, and 
encephalograms were also regarded as being essentially negative, although there 
was possibly slight dilatation of the frontal horn of the left lateral ventricle. 

Pneumograms of the subdural space were then made. With an interval of five 
days between the operations, a small button of bone was removed on either side 
of the frontal region, and after lumbar puncture the subdural space was filled with 
air as completely as possible. On the right side no adhesions could be seen, but on 


Fig. 2—Appearance of the scar, as exposed at operation. 


the left side, just behind the burr hole, tentlike adhesions between the pia-arachnoid 
and the dura could be observed (fig. 1). This adhesion could also be felt with a 
probe. 

After this procedure the patient was maintained in good health for six months 
on a dose of 0.05 Gm. of phenobarbital three times a day. After this the fits reap- 
peared with their former frequency of about once a month. Since instructions 
had been given to observe carefully the pattern of the attack, information on this 
point now became available. The patient herself could just perceive the contrac- 
tion of the muscles of the neck and then lost consciousness. Generalized convulsions 
then followed. 

She was readmitted to the clinic on Nov. 11, 1938. Her neurologic condition 
was unchanged except that the possible weakness of the right side of the face, 
which had been noted on her previous admission, could not be verified at this 
time. Electroencephalograms showed signs of abnormal activity at a point coinciding 
with the location of the adhesions as demonstrated in the preceding air studies of 
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the subdural space. A cerebromeningeal scar at the point where the adhesions had 
been found could now be ‘diagnosed with confidence. Operation was performed on 
Dec. 5, 1938. With local anesthesia, a flap was turned down over the left frontal 
region. About 1 cm. posterior to the old burr hole and corresponding to the 
location of the adhesions which had been seen in the preceding air studies, the dura 
was densely adherent to the underlying cortex. These adhesions occupied an area 
measuring about 15 mm. in diameter. After the dura had been freed from the 
underlying cortex a dense cortical scar, about 20 mm. in diameter, was uncovered 
(fig. 2). This scar, which was very fibrous and extended down into the white 
matter, was excised (fig. 3). The defect in the brain was covered with a piece of 
thin rubber tissue to separate it from the raw surface of the dura which had been 
adherent to the scar. The dura was then closed and the bone flap wired in place. 

Microscopic examination (Prof. K. J. H. Bergstrand) showed the picture of 
an old softening of the brain with numerous small cysts surrounded by a zone 
of marked gliosis (fig. 4). Numerous blood vessels of fairly large caliber were 


Fig. 3.—The scar and surrounding brain tissue removed at operation. 


present in the scar tissue. Since no iron pigment could be found, the scar must 
have been very old and may reasonably by attributed to the trauma which occurred 
nineteen years earlier. 

A slight degree of motor aphasia was present for the first few days after 
operation. This rapidly cleared up, and when the patient left the hospital, three 
weeks after operation, no neurologic symptoms were evident. She was advised to 
continue the previous medication of 0.05 Gm. of phenobarbital three times a day. 
Up to the end of June 1940 no attack had occurred, and she has been able to 
resume her studies. 


It is probable, of course, that localization of the lesion might eventu- 
ally have been possible without recourse to pneumograms of the sub- 
dural space. The pattern of the attacks and the electroencephalograms 
both pointed to the left frontal lobe as the seat of the injury, and 
exploration of this region would probably have been indicated even if 
it had not been known that an adhesion between the dura and the brain 
was present here. The pneumograms, however, yielded the valuable 
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information that a circumscribed lesion was present in the left frontal lobe 
and that this lesion probably was of traumatic origin. These conclusions 
were fully confirmed at operation. 

I have since made pneumographic studies of the subdural space in 
cases of traumatic epilepsy in which the injury was localized by the 
presence of old depressed fractures. In these cases tentlike adhesions 


Fig. 4.—Photomicrograph of the scar. Numerous small cysts surrounded by 
a zone of dense gliosis are seen. Several large blood vessels are present in the 
scar tissue. 


of the type just described were clearly demonstrated by the pneumo- 
grams. In other cases in which the nature of the accident favored the 
occurrence of diffuse injuries to the brain either no adhesions or filmy 
adhesions scattered over a wide area were found. I am _ therefore 
inclined to believe that the presence of adhesions of the type found in 
the case reported in this paper indicates the presence of a circumscribed 
scar favorable to surgical treatment. 
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It may also be pointed out that in my case the possible importance 
of the injury to the head sustained in early childhood had never been 
appreciated and the patient had always been thought to suffer from 
so-called idiopathic epilepsy. The case, therefore, illustrates the impor- 
tance of a careful search of the history of every epileptic person for 
trauma, including birth injuries. 


SUMMARY 


Circumscribed trauma to the brain usually results in the formation 
of adhesions between the dura and the pia-arachnoid, and pneumographic 
examination of the subdural space may be used to demonstrate the 
presence and location of scars in the brain in cases of traumatic epilepsy. 
A case is reported in which an epileptic syndrome in a woman of 23 
could be traced to an injury to the head, thought trivial at the time, 
received in early childhood. Pneumograms of the subdural space 
demonstrated the presence of a circumscribed lesion in the left frontal 
lobe, and the patient has now been well for one and one-half years after 
removal of the scar in the brain. 
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VITAMIN THERAPY OF DISEASES OF THE 
NEUROMUSCULAR APPARATUS 


A. M. DOYLE, M.D. 
KINGSTON, ONTARIO, CANADA 
AND 
H. H. MERRITT, M.D. 


BOSTON 


The results which have been reported by several authors! in the 
treatment of diseases of the neuromuscular apparatus by vitamins, par- 
ticularly vitamin E, led us to try this treatment on 12 patients at the 
Boston City Hospital. While these patients have not been treated long 
enough to determine the ultimate effect of this therapy on the course 
of the disease, it was thought wise to make a report at this time. 

The diagnoses in the cases in which we employed the treatment were 
as follows: primary degeneration of the motor neurons (progres- 
sive muscular atrophy, progressive bulbar palsy, amyotrophic !ateral 
sclerosis), 8 cases; Erb-Landouzy scapulohumeral dystrophy, 1 case; 
Charcot-Marie-Tooth muscular dystrophy, 1 case; pseudohypertrophic 
muscular dystrophy, 1 case and amyotonia congenita, 1 case. 


TECHNIC OF TREATMENT 
The treatment was planned so as to give the patients the benefit of 
all forms of vitamin therapy that have been suggested as useful in the 
treatment of these conditions. The scheme followed with our patients 
was as follows: 
1. The diet of the patients was regulated to insure an adequate intake 
of citrus fruit, fresh vegetables, eggs, meat, cereal, milk and butter. 


From the Neurological Unit, Boston City Hospital, and the Department 
of Neurology, Harvard Medical School. 

Dr. D. F. Robertson, of Merck & Co., Inc., supplied us with the thiamine 
hydrochloride, alpha tocopherol and vitamin Bs used in this study and Dr. Andre 
E. Briod, of the National Oil Products Company, the vitamin B complex syrup 
(vitab type II liquid). 

1. (a) Antopol, W., and Schotland, C. E.: The Use of Vitamin Bs in Pseudo- 
hypertrophic Muscular Dystrophy, J. A. M. A. 114:1058-1059 (March 23) 1940. 
(b) Wechsler, I. S.: Recovery in Amyotrophic Lateral Sclerosis, ibid. 114: 
948-950 (March 16) 1940. (c) Bicknell, F.: Vitamin E in the Treatment of 
Muscular Dystrophies and Nervous Diseases, Lancet 1:10-13 (Jan. 6) 1940. (d) 
Stone, S.: Treatment of Muscular Dystrophies and Allied Conditions: Pre- 
liminary Report on the Use of Vitamin E (Wheat Germ Oil), J. A. M. A. 114: 
2187-2191 (June 1) 1940. 
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2. For the first three or four months of treatment each patient 
received the following medication: (a) cod liver oil, % ounce (15 cc.) 
per day; (b) vitamin B complex syrup, 1 ounce (29.5 ce.) per day; 
(c) thiamine hydrochloride, 25 mg. and liver extract, 1 cc. given intra- 
muscularly three times a week. 

3. After the patient had been on this treatment for three or four 
months, vitamin E was added as follows: wheat germ oil, 2 drachms 
(7 cc.) per day, and alpha tocopherol, 60 mg. per day, given intra- 
muscularly. 

4. Finally, about a month after the vitamin E had been added, the 
treatment was further augmented by the intramuscular injection of 
vitamin B,, 20 mg. daily. . 

This schedule of therapy could not be carried out completely in all 
cases, but variations in the treatment are pointed out in the individual 
case reports. 

REPORT OF CASES 

Cast 1—Amyotrophic lateral sclerosis. 


In a man aged 56, an Irish machinist, whose dietary regimen had been 
satisfactory, the onset of illness occurred five years ago with crampy pain and 
weakness in the left leg. Stiffness of the whole left leg gradually developed, until 
he became very lame. During the past year the left hand had become clumsy and 
weaker than the right. Examination on Nov. 1, 1939 showed a moderate degree 
of atrophy of the small muscles of the hands and marked atrophy of the muscles of 
the shoulder girdle, thighs and calves, especially on the left. Babinski’s.sign and 
ankle clonus were present on the left side. Fibrillary twitchings were present 
in all muscles of the upper and lower extremities. Dynamometric readings were 
95 in the right hand and 60 in the left hand. The weight was 170 pounds (77.1 
Kg.). 

Treatment according to the therapeutic schedule was started on Novy. 1, 1939. 
The alpha tocopherol and wheat germ oil were added on May 1, 1940, and for 
the past four months he has had vitamin Be in addition. 

Examination on September 21 (approximately eleven months after the start of 
treatment) revealed little change in his condition. His left arm appeared definitely 
weaker. The dynamometric readings were 75 in the right hand and 55 in the left 
hand, and his weight had not changed significantly. 

Case 2—Amyotrophic lateral sclerosis. 

In a woman aged 43, an Italian housewife, this illness began five years ago with 
weakness of the left hand; there was gradual progression of weakness and wasting 
of the muscles of all extremities over a period of eighteen months, when she 
was first admitted to the Boston City Hospital. At this time her speech was 
seriously affected and difficulty in swallowing was noted. 

She was readmitted to the hospital in April 1940, when she was completely 
unable to talk and could swallow only with difficulty. There were marked atrophy 
and fibrillations of the muscles of the hands and forearms. The fingers were 
fixed in flexion, so that no useful movements were possible. The shoulder girdle 
was also seriously affected. The musculature of the lower extremities was atrophied 
to a lesser degree, but there were many fibrillations and bilateral extensor plantar 
responses, as well as ankle clonus. 
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She was treated in the hospital for five months, during the last three of which 
she received all the therapeutic substances previously mentioned. At the time of 
her discharge for admission to a hospital for patients with chronic diseases it was 
felt that her disease had progressed slightly. The patient showed the bulbar 
symptoms of spontaneous outbursts of crying or laughing, which became more 
marked during her stay in the hospital. 


Case 3.—Progressive muscular atrophy. 

In a man aged 67, an Irish salesman, the onset of the disease occurred four years 
ago with pain and weakness of the right leg, followed shortly afterward by 
weakness of the left leg and wasting of the muscles of the right hand. In one 
year he was walking with the aid of a cane and in three years was confined 
to a wheel chair. On Feb. 1, 1940 there were extensive atrophy of the muscles 
of the legs and thigh, moderate atrophy of the muscles of the hand, and weak- 
ness of the muscles of the shoulder girdle and extensor muscles of the wrist. 
He had lost the use of his lower limbs entirely. 

The patient was under treatment for four months. During the last two months 
of treatment he received wheat germ oil, 3 teaspoons per day, but no intra- 
muscular therapy could be given, as he was confined to his home. During the 
period of treatment the only noticeable change was the complaint of “heaviness 


and numbness” and increased weakness of the left arm. 


4.—Amyotrophic lateral sclerosis. 

In a man aged 53, a Syrian, the onset of the illness occurred five years before 
he was seen, with weakness of the hands and arms. 

Examination on Dec. 18, 1939 showed marked atrophy of the small muscles 
of the hands, forearms, arms and shoulder girdle. He was just able to lift 
his hat to his head but could not dress himself. The deep reflexes were hyperactive. 
The Hoffmann reflex was obtained bilaterally, but the plantar responses were 
flexor. There was atrophy also of the muscles of the legs, and fibrillary twitchings 
were prominent in all extremities. 

Treatment was given for nine months. During the last four and one-half 
months the whole therapeutic schedule was carried out, but the intramuscular 
injections of tocopherol were given only three times a week. There was definite 
subjective progression of his weakness. He became unable to turn the knob of 
the door to the treatment room and experienced greater difficulty in helping. to 
dress and undress himself. His weight did not change significantly. 


Case 5.—Amyotrophic lateral sclerosis. 

In a man aged 45, an Irish steam-fitter, the onset of the illness occurred in 
February 1939 with weakness and a feeling of numbness and coldness in the right 
hand. Gradual wasting of the small muscles occurred so that a main en griffe was 
present in three months. In a few months the left hand also became affected, and 
the patient noted that his arms and shoulders were becoming thin. He lost about 
15 pounds (6.8 Kg.) in weight in six months from the onset of symptoms and 
noted muscular twitching “all over” after the first few months of his illness. 
During the course of his disease a positive Hinton reaction of the blood was 
repeatedly obtained, but the cerebrospinal fluid was entirely normal. 

Examination on Nov. 22, 1939 revealed wasting of the small muscles of the 
hands more marked in the left. Atrophy of all muscles was seen, though the 
distal portions of the extremities were most affected. Fibrillations were con- 
stantly rippling over the whole musculature, so that they were easily photo- 
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graphed by the moving picture camera. Deep reflexes were hyperactive, and the 
Babinski reflex was present on the right. The patient was able to dress and 
undress himself and do light work at home. 

Treatment was started in November 1939 and was continued until Sept. 15, 
1940. For the last four and one-half months he received all the therapeutic 
substances outlined. During two of the last four months he received 120 mg. 
of alpha tocopherol daily, instead of the usual 60 mg. 

His course has been relentlessly progressive. About May 1 he became unable 
to button his clothes and noted that the right had was becoming weaker. At that 
time he could raise his arms well above his head and maintain such a position, 
but increasing weakness and atrophy persisted, until he is now unable to lift his 
hands at all and his arms dangle uselessly at his sides. Weakness of the legs 
and trunk has also increased, and several weeks ago it was necessary to admit 
him to the hospital so that treatment could be continued. 

During several phases of his treatment he felt certain that he was recovering 
and brought evidence from friends and relatives that they had noticed his hands 
“filling out,” but to the examiner there has never been anything but discouraging 
signs of progression of his malady. 

Case 6.—Amyotrophic lateral sclerosis. 

A man aged 58, a Swedish engineer, had always had an ample and excellent 
diet. In the summer of 1932, after generalized furunculosis, he began to notice 
weakness and quivering of the muscles of the right arm. The right thumb was 
particularly weak. Within a year the weakness had involved the legs to the point 
that he fell frequently at his work. Six years ago he had to use a cane and has 
been unable to walk without help for four years. Two years ago his voice acquired 
a nasal quality and gradually became less distinct. 


When he was examined in April 1940 his speech could not be understood. 
Extensive atrophy of the muscles of all extremities was present. The wrists could 
be extended, flexed, pronated or supinated only with great effort. The biceps and 
brachioradialis muscles had fair strength. The hands were useless, the right being 
more completely affected. The shoulder girdle was involved to a lesser degree. 
The tongue was atrophic, and fibrillations were plainly seen. The lower extremities 
presented a similar picture of extensive atrophy, the patient being quite unable 
to lift his limbs, though weak flexion and extension of the ankles were present. 
Fibrillations were seen everywhere throughout the musculature. 

On April 30 the patient was placed on the complete schedule of therapy, 
including cod liver oil, vitamin B complex syrup and wheat germ oil, in the doses 
already indicated. On the last examination, after three and a half months of 
therapy, no change in his condition could be observed. 


Case 7.—Amyotrophic lateral sclerosis. 

In a man aged 64 the onset of illness occurred seven months before he was seen, 
with coldness, clumsiness and wasting of the hands and fingers and loss of weight of 
20 pounds (9.1 Kg.) in four months. Three months before, the right foot became 
weak and he tripped over obstacles. Weakness of the hands, shoulders and arms 
appeared gradually. 

Examination on July 13, 1940 revealed atrophy and weakness of the muscles 
of both hands. Less definite atrophy of the muscles of the forearms, arms and 
shoulder girdle was present. The tongue was coated and atrophic, and fibrillations 
were present. There was weakness of the flexor and extensor muscles of the 
ankles and toes. Fibrillations were extensive and could be seen everywhere 
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over the musculature of the body. The deep reflexes were hyperactive, with a 
Babinski reflex on the right. The dynamometric reading was 10 in each hand. 
The patient was continuing his work as street railway inspector. 

He was placed on the whole therapeutic schedule on July 13 and _ received 
medication for six weeks, when he lapsed from treatment, except that he con- 
tinued to take the wheat germ oil and vitamin B complex syrup at home. The 
course of his disease was steadily progressive throughout. On September 21 
his weakness was such that he often staggered as he walked. The dynamometric 
readings in the hands were zero, and the atrophy of the hands, arms and shoulder 
girdle was more marked. 

Case 8.—Amyotrophic lateral sclerosis. 

A man aged 63, an Irish laborer, three years ago noted muscular “twitching” 
and weakness of the legs, leading to ready fatigue on walking. He complained of 
indigestion, and his dietary habits were inadequate. He was a consistent drinker, 
but was always able to work. 

On examination on Noy. 1, 1939 there were extreme fibrillation in all the 
musculature and atrophy of almost all muscle groups, most marked in the right 
leg. All the deep reflexes were hyperactive. The Hoffmann reflex was present 
bilaterally, and the plantar responses were equivocal. 

He came irregularly for treatment, frequently smelled of liquor when he 
did appear and continued to observe poor dietary habits. He finally lapsed from 
treatment altogether and has had none since Jan. 1, 1940. 

Examination on Sept. 21, 1940 showed little change. He had lost about 6 
pounds (2.7 Kg.) in weight in ten months. Extensive fibrillation was still present 
in the muscles of the arms and legs. There were a Babinski sign on the right 
side and an equivocal plantar response on the left. He had been steadily employed 
at light labor and felt that his condition had not changed since he first came 
under observation. 


CasE 9.—Erb-Landousy type of muscular dystrophy. 

A man aged 33, an Irish clerk, noted onset of weakness of the arms ten years 
before he was seen and weakness of the legs two vears before. The size of the arms 
had diminished, though little change in the forearms was evident. The wasting in 
the lower extremities appeared mainly in the thighs and pelvic girdle. His weight 
decreased from 155 to 108 pounds (70.3 to 49 Kg.). 

Examination on Jan. 15, 1940 revealed wasting of all muscles of the arms 
and shoulder girdle, with relative preservation of the musculature of the forearms 
and hands. Similarly, wasting was present in the pelvic girdle and thighs and to 
a lesser degree in the legs and feet. The biceps and triceps reflexes were absent. 
Wrist, knee and ankle reflexes were normal. The abdominal reflexes were much 
depressed and readily exhausted. The strength of the left arm and hand was greater 
than that of the right, but the right leg was stronger than the left. There 
was a Babinski response on both sides. Occasional fibrillations were seen in the 
wasted muscles. 

The patient’s treatment was not graded; he received all the therapeutic sub- 
stances in the doses mentioned, from April 4 to Sept. 15, 1940. During this 
period there were many times when he thought he was improving and many when 
he thought he was worse. 

Measurements on September 21 showed a slight increase in atrophy, all the 
limbs being consistently smaller, but the difference was slight. He lost 5 pounds 
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(2.3 Kg.) in weight during treatment. The wasting of the small muscles of 
the hand appeared greater, and repeated dynamometric readings indicated a slight 
loss of strength of the hands. 


CasE 10.—Amyotonia congenita. 


A boy aged 2% years had had hypotonia and areflexia since birth. The child 
was unable to sit or roll over. He could just lift his hands, but could not extend 
them at the wrists. 

On July 6, 1940 treatment with wheat germ oil, 2 drachms (7 cc.) daily, was 
commenced. On the same day the physical therapy department reported improve- 
ment in that they obtained response to faradic stimulation in muscles that had not 
previously responded. On September 25 no definite change in the patient’s neuro- 
logic condition could be noted. 


CasE 11.—Charcot-Marie-Tooth muscular atrophy. 

A man aged 23, an Italian salesman, had a history of progressive atrophy of 
peroneal distribution for eight years, causing stumbling with both feet, inability to 
run and a decrease in the size of the legs. Recently he noted wasting of the 
hands. A brother aged 18, who was not available for examination, has had some 
form of muscular paresis for three years. 

The patient presented a classic picture of peroneal muscular atrophy, the 
disease having extended to involve the small muscles of the hands with moderate 
sensory loss in the feet. He was placed on the whole therapeutic schedule, but he 
lapsed from treatment. In this short period of treatment no change of any kind 
was noted in his condition. 

12.—Pseudohypertrophic muscular dystrophy. 

A girl, aged 18, an Italian housewife, had noted weakness since the age of 
12 years; this had progressed to the point that she could not walk except with 
very high heels. She could go upstairs by crawling on her hands and knees. She 
had to roll over to sit up in bed and could get to her feet from a prone position 
only by “crawling up herself.” A sister who was well known to this clinic had 
suffered from the same condition for fifteen years when she died, at the age of 30. 

On examination weakness of the muscles of the shoulders, arms, trunk and 
legs was found, though there was little evidence of muscular wasting. The muscles 
of the calf had a “woody” feeling. 

The patient was treated only for three weeks, during which time she received 
all the therapeutic substances. No objective or subjective change in her condition 
was noted. 

COMMENT 

\ review of these case histories shows that little change occurred 
in the patients who had suffered from muscular atrophy or dystrophy 
for a long time, but we are particularly interested in cases 5 and 7, in 
both of which the disease was treated early and in which the diagnosis 
Was unquestionably that of early amyotrophic lateral sclerosis. In both 
of these cases we saw only unabating and rapid progression of the 
disease. 

Other authors? have reported rather remarkable and immediate 
improvement after beginning of treatment. We are disappointed that 


2. Antopol and Schotland.18@ Wechsler.1® Stone.14 
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none of our patients showed signs of beneficial effect early in the thera- 
peutic program. Our patients have not been under treatment long 
enough to state what the long term results will be. Several became 
enthusiastic and thought they were getting well when treatment was 
commenced or when changes were made in the therapeutic procedure. 
This was particularly true of the patient in case 5. Though there was 
never any objective evidence of improvement, he would certainly have 
been reported as improved if his own statements had been accepted. 

In reviewing our cases as well as those reported by other observers, 
we were struck by the variations in the natural course of the disease in 
patients with disorders of the progressive muscular atrophy group. The 
history in case 6 is one of rapid onset and progression during the early 
part of the illness, followed by years of slow advancement. The patient 
in case 8, who, by the way, was the only one of our group with a history 
of inadequate diet and who lapsed from treatment and continued the use 
of alcohol, showed little change during a year’s observation and remains 
the only one of our series who is still able to work. In contrast to these 
are such patients as those in cases 5 and 7, who appear to have only a 
short while to live, though their disease is of less than two years’ dura- 
tion. Such wide variations in the course of the disease might lead to-an 
erroneous impression that treatment had had a salutary effect. 

It is difficult to understand the basis for so much enthusiasm in 
regard to the treatment of the muscular atrophies with wheat germ oil 
or vitamin FE. The experimental literature * shows that a form of 
muscular atrophy occurs when animals are placed on vitamin [E-free 
diets, but these experimental muscular atrophies are resistant to treat- 
ment * and no one has reported that the atrophies could be cured once 
they had developed. This was particularly emphasized by Einarson 
and Ringsted,*4 who were the first to suggest that the disease produced 
in rats somewhat resembled the amyotrophic lateral sclerosis occurring 
in man. This suggestion had some slight pathologic basis, but the work 
of the same authors discouraged the suggestion that vitamin E would be 
effective in therapy. 


3. (a) Evans, H. M., and Burr, G. O.: Development of Paralysis in the 
Suckling Young of Mothers Deprived of Vitamin E, J. Biol. Chem. 76:273-297 (Jan.) 
1928. (b) Mackenzie, C. G., and McCollum, FE. V.: Vitamin E and Nutritional 
Muscular Dystrophy, Science 89:370-371 (April 21) 1939. (c) Burr, G. O.; 
3rown, W. R., and Moseley, R. L.: Paralysis in Old Age in Rats on E Deficient 
Diet, Proc. Soc. Exper. Biol. & Med. 36:780-782 (Jan.) 1937. (d) Einarson, L., 
and Ringsted, A.: Effect of Chronic Vitamin FE Deficiency on the Nervous 
System and Skeletal Musculature in Adult Rats, London, Oxford University Press, 
1938. 

4. Knowlton, G. C.; Hives, H. M., and Brinkhous, K. M.: Effect of Wheat 
Germ Oil upon E-Deficient Muscular Atrophy, Proc. Soc. Exper. Biol. & Med. 
41:453-456 (June) 1939. Evans and Burr.8 Einarson and Ringsted.24 Burr, 
srown and Moseley.%¢ 
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There is little comment to make on the last 4 cases of our series. We 
treated patient 12 because of the suggestion’ that vitamin B, was 
useful in the treatment of pseudohypertrophic muscular dystrophy.’ 
There was no evidence of improvement in this patient. The time was 
short, but long enough to have observed the rather immediate improve- 
ment that has been reported. 


CONCLUSIONS 

We were unable to produce improvement or to arrest the course of 
the disease with vitamin therapy in patients with amyotrophic lateral 
sclerosis or other forms of muscular atrophy. 

The natural course of the disease—amyotrophic lateral sclerosis, 
progressive muscular atrophy and progressive bulbar palsy—varies so 
widely that any form of therapy must be persisted in for years with a 
large group of cases before the effect of treatment can be evaluated. 

Our experience suggests that employment of vitamin therapy with 
muscular atrophies has been widely heralded before it has been proved 
to be of value. 
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NEURITIS ASSOCIATED WITH ACROMEGALY 


HENRY W. WOLTMAN, M.D. 
ROCHESTER, MINN. 


In a review of 213 cases of acromegaly it was found that 10 patients 
had complained of a periodic pain in the hands and 8 had complained 
of a similar disturbance in the feet. Usually the discomfort had been 
associated with paresthesias and had been present in both hands and 
feet. Different observers have reported that a more or less general 
increase in connective tissue occurs in cases of acromegaly, and this 
has also been observed to occur in the peripheral nerves. These obser- 
vations led to the inference that the pain and paresthesia are the result 
of interstitial neuritis. One might ask, however, since these phenom- 
ena are usually transitory, whether they may not be of vascular origin. 
The enlargement of the hands and feet that takes place in acromegaly 
may justifiably lead to the assumption that there is a concomitant 
increase in the circulation which may not be unattended by some 
quality of abnormal sensation. 

In 2 of the cases the paresthesias were limited to the distribution 
of the median nerves and were persistent. Although no sensory disturb- 
ance could be demonstrated objectively, the persistence of the paresthe- 
sias in the field of a single nerve suggests a true neuritic basis. 

List * reported a case of acromegaly with bilateral median neuritis 
in which the sensory features were dominant. He explained this 
phenomenon on the basis of a proliferation of the perineurium and 
endoneurium. 

I wish to report another case in which acromegaly was associated 
with bilateral median neuritis. In this case (case 1) the neuritis resem- 
bled that observed in a case of median neuritis (case 2) in which the 
sequence of events left little doubt as to the mechanism by which the 
nerve was injured. 

REPORT OF CASES 
Case 1.—A large, pleasant, well nourished woman, aged 43, came to the Mayo 
Clinic, at her husband’s behest, on Oct. 20, 1937, because of a change in her 


features. It was apparent that she had well developed acromegaly. For five 
years her hands often had been painful, and for a year the thumb, index and 


From the Section on Neurology, the Mayo Clinic. 

1. List, C. F.: Doppelseitige Medianusneuritis bei Akromegalie. Gleichzeitig 
eine Literaturiibersicht der bei der Akromegalie beobachteten Veranderungen des 
peripheren und spinalen Nervensystems, Deutsche Ztschr. f. Nervenh. 124:279-292, 
1932. 
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middle fingers of each hand had been so numb that she could scarcely button her 
clothes or sew. Examination disclosed slight impairment in the appreciation of 
touch, pain and temperature in the regions supplied by both median nerves. The 
optic disks and visual fields were normal. Roentgenograms of the skull showed 
the changes caused by an intrasellar tumor. The basal metabolic rate was + 12 
per cent. Roentgen therapy was applied to the pituitary region. 

In October 1938 she complained that her hands were causing great discomfort. 
Numbness was constantly present in the right hand but appeared in the left hand 
only after use. Examination disclosed moderate atrophy and weakness of the 
muscles of the thenar eminence innervated by the right median nerve and slight 
weakness and atrophy of the corresponding muscles of the left hand. Tactile 
sense was absent and pain sense was greatly impaired over the region supplied 
by the right median nerve. Tactile sense was moderately impaired and pain sense 
was slightly impaired over the corresponding portion of the leit hand. There 
was tenderness immediately above the right wrist, over the site of the median 
nerve. Roentgenograms of the wrists were essentially normal. There was slight 
narrowing of the temporal side of the visual fields on the left side. A comparison 
of roentgenograms of the skull with those taken the previous year showed that 
further enlargement of the sella turcica had taken place. The basal metabolic 
rate was + 23 per cent. Roentgen therapy was repeated. 

In December of the same year, the patient reported that the numbness had 
disappeared from the left hand and had improved on the right, but the objective 
findings remained the same. There was slight bitemporal narrowing of the visual 
fields. The basal metabolic rate was +35 per cent. Roentgen therapy was 
repeated. 

When she returned in December 1939 she no longer complained of her hands. 
In the right hand the weakness, atrophy and sensory loss had improved. The left 
hand showed no signs of neuritis. The sella turcica had not increased in size; 
the fields of vision were the same as they were at the time of her last visit, 
and the basal metabolic rate was + 14 per cent. 

Case 2.—A woman aged 71 was examined July 17, 1930. One year previously 
the tips of the second and third digits of the right hand had become tender. 
Vesicles had appeared on these digits, and ulcers soon formed and refused to heal. 
There was complete anesthesia in the distribution of the right median nerve, and 
the muscles of the hand supplied by this nerve were paralyzed and atrophied. A 
slight but firm protuberance was noted over the midventral portion of the wrist, 
and roentgenograms disclosed arthritis. Within a few days after section of the 
anterior annular ligament by Dr. J. R. Learmonth, which released the structures 
that had been held under pressure, the ulcers healed and the pain disappeared. 
Eventually sensation and power also returned. 


COM MENT 


It has often been emphasized that the diagnosis of neuritis implies 
a more or less prolonged and persistent disability and usually calls for 
demonstrable evidence of the interference of functions ascribed to nerves, 
namely, impairment of motility and sensation. To this may be added 
the practical observation that neuritis of single nerves more often than 
not has a mechanical basis. 

While neuritis, thus defined, is rare in cases of acromegaly, suspicion 
and curiosity are at once aroused when one observes that, with excep- 
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tion of the optic nerves, the median nerve, indeed usually both right 
and left median nerves, is almost the only one affected. If the cur- 
rent explanation, that of interstitial neuritis, is correct, why are other 
nerves not more often affected? The explanation may be ventured 
that the median neuritis of acromegaly is due to pressure caused by 
the encroachment of hyperplastic tissue on the limited space between 
the carpal bones and the anterior annular ligament of the wrist. 

Accordingly, the clinical situation with reference to the neuritic 
disabilities in the hands and feet seen with acromegaly may be regarded 
somewhat as follows: 

In acromegaly there may be transient or constant paresthesias, with 
or without pain, in the hands or feet. These may have a vascular or 
metabolic basis, or they may be related to proliferation of the perineur- 
ium and endoneurium, which is known to exist. Since they are not 
attended by impairment in motility or sensation there may be some 
doubt as to whether these phenomena should be referred to as neuritis. 

True neuritis may occur in acromegaly, but it turns out that the 
median nerve, or usually both median nerves, is affected. It is 
suggested that the median neuritis is due to compression brought 
about by proliferation of structures limiting the space between the 
carpal bones and the anterior annular ligament. The condition may 
be distressing, and when the disturbance is limited to the median nerve, 
section of the anterior annular ligament may be expected to afford 
relief. 
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Case Reports 


PRESENILE DISEASE OF THE CENTRAL NERVOUS 
SYSTEM 


Report of an Unusual Case 


Wittiam H. McMenemey, M.D., Oxrorp, ENGLAND, AND EUGEN 
PottAk, M.D., VieENNA, AUSTRIA 


There is need today for further clinical and pathologic studies of 
presenile and senile psychoses which are atypical and do not fall into 
the present recognized pathologic categories. There are already reports 
of several examples in the literature, but little can be done to classify 
them or to solve the problem of the cause until further case reports are 
available. Moreover, there is still much confusion as to what constitutes, 
on the histologic side, a normal or an abnormal involution. It is with 
these needs in mind that we are persuaded to report the following case, 
which we believe is unusual. The paucity of abnormal histologic obser- 
vations in this instance is one of the reasons for placing it on record. 


REPORT OF CASE 

History—A woman aged 60 was admitted to Shenley Hospital on May 21, 1936. 
The history was obtained from the husband, who reported that for as long as he 
had known her she had been “neurotic,” but that in disposition she was quiet, 
methodical and a little reticent, although she was of a friendly nature and mixed 
well with both sexes, being fond of walking and of visiting her friends. She showed 
2 normal interest in all affairs of the home; no oddness or peculiarity of manner 
had ever been noted. Before her marriage, at the age of 39, she had been a 
dressmaker. Her twenty years of married life had been happy. After the birth of 
her only child, nineteen years ago, she had pelvic cellulitis, since when she had 
complained of miscellaneous pains, which had been variously attributed to “rheuma- 
tism” and “neurosis.” The menopause had occurred uneventfully ten years 
previously, at the age of 50. Her habits had been temperate. 

Her present illness appeared to have dated from three months before entering 
the hospital, when she first complained of giddiness. She was admitted to a nursing 
home and was treated for anemia and thyroid deficiency. After six weeks in the 
nursing home she was sent to convalesce at the seaside. Here, a physician found 
that she had an ataxic gait and scanning speech, on the strength of which he 
made a tentative diagnosis of disseminated sclerosis. She returned home and 
rapidly lost strength in her limbs, so that a fortnight before admission to the hos- 
pital she was unable to walk upstairs or downstairs without assistance. At the 
same time mental alteration was noticeable, a preliminary period of depression 
giving way to restlessness and confusion. She would laugh and scream for no 
apparent reason and was constantly grimacing and spitting, so that removal to a 
hospital for patients with mental disease was considered desirable. 


From Shenley Hospital, St. Albans, England, and the Pathological Department 
of the Radcliffe Infirmary, Oxford. 
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Examination.—The patient was of average height and nutrition, weighing 1064 
pounds (48.3 Kg.). She was apyrexial, with a resting pulse rate of 76. The 
tongue was clean; the gums, tonsils and pharynx were healthy; she was edentulous. 
There was no evidence of cardiac or pulmonary disease. The systolic blood 
pressure was 110 and the diastolic 80. The peripheral vessels were not palpably 
thickened, and the retinal arteries were noted as healthy. The thyroid gland was 
not enlarged. Difficulty was experienced in obtaining complete relaxation of the 
abdomen, but no hepatic enlargement was felt. 

Examination of the central nervous system, carried out as far as the patient’s 
lack of cooperation would allow, showed weakness in all limbs, with spasticity and 
exaggeration of the deep reflexes; the plantar responses, however, were flexor, 
while the abdominal reflexes could not be obtained. No tremor or athetosis was 
seen. The pupils were equal and of average size, and their reactions were normal; 
movements of the eyes were full, and there was no nystagmus. The gait was 
clumsy and ataxic, and the patient fell unless supported. Grasping movements 
were not noted. 

The mental state was one of confusion with apathy. The patient was grossly 
disoriented as to both time and place: One minute she said that she had a little 
boy aged 2; a few minutes later she said that she had two children, a boy aged 
24 and a girl, Mary, aged 8 Also, she did not recollect her husband’s visit 
a few hours after he had left, saying that he had last called a week ago. She 
expressed a strong desire to go to Egypt and insisted that she was 8 years old 
and had just returned from China. Her memory was grossly impaired, more so 
for recent events, and her intelligence was severely blunted. She could not 
answer even the simplest questions. There was, however, no positive evidence 
of hallucinations, phobias or obsessions. Insight was entirely lacking. At night 
the restlessness was’ more noticeable. She was incontinent of urine and required 
every care and attention. 


Laboratory Data—The Wassermann and Meinicke reactions of the blood were 
negative. A blood count was made, with the following values: hemoglobin 
(Gowers) 88 per cent; red corpuscles 4,050,000; color index 1.0, and white 
corpuscles 5,400, of which 56.5 per cent were neutrophils (4.5 per cent “band” and 
52.0 per cent segmented forms), 0.5 per cent basophils, 41 per cent lymphocytes 
and 2 per cent monocytes. The morphologic character was normal, punctate 
basophilia being virtually absent. The urine was free of abnormal substances. 

Diagnosis——A diagnosis of organic dementia was made; the two most likely 
causes were thought to be Creutzfeldt-Jakob disease and Alzheimer’s disease. The 
former was favored because of the early appearance of neurologic signs, as evi- 
denced in the stage of the illness when disseminated sclerosis was suggested. 


Course-——The progress of the illness was downhill and rapid, the dementia 
increasing in severity. Four days after admission to the hospital the patient 
collapsed and for a quarter of an hour was cyanosed, with a feeble pulse. Recovery 
was rapid, and nothing was found to account for this attack. A week after 
admission it was noted that the confusion persisted, that she grimaced continually, 
except during sleep, and that on the rare occasions when she attempted to answer 
a question the reply was irrelevant. Toward the end of the illness there was 
some difficulty in swallowing fluids. Death occurred suddenly on March 7, 1936, 
six weeks after admission to the hospital and about four and a half months after 
the beginning of the illness. 


Autopsy.—This was performed fifteen hours after death, the body being pre- 
served in the cold chamber overnight. Examination of the cerebrospinal fluid, 
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removed by lumbar puncture, revealed a clear and colorless fluid; no clot on 
standing; 11 cells per cubic millimeter, the great majority of which were small 
lymphocytes; only a very occasional red corpuscle; a total protein content of 
80 mg. per hundred cubic centimeters (Mestrazat) ; a trace of globulin with the 
Pandy test and none with the Nonne-Apelt test; a Lange curve of 0011100000; 
negative Wassermann and Meinicke reactions; 700 mg. of chlorides and 54 mg. of 
urea per hundred cubic centimeters. 

The tongue, larynx, pharynx, trachea, esophagus and thyroid gland presented 
no unusual features, the last of these appearing normal on section. 

The pericardium was normal, and the sac contained only a minimum of clear 
fluid. The heart showed an excess of fat on the epicardium and brown discolora- 
tion of the muscle, with some fatty change; the chambers were not dilated, the 
valves being healthy and the coronary arteries not thickened. The aorta revealed 
only a few patches of atheroma, without calcification. There were old adhesions 
of the pleura on the right side, and in the lower lobe of the lung there was 
patchy congestion with a few areas of edema and a little mucopus in the smaller 
bronchioles. The tracheobronchial lymph nodes were healthy. 

The stomach, intestine and mesenteric lymph nodes were normal in appearance. 
The gallbladder was thin and distended with clear fluid; no stones were seen. 
The liver was large, weighing 1,625 Gm., and showed evidence of chronic venous 
congestion with fatty infiltration, giving the appearance of fine cirrhosis. The 
spleen was of normal size and on section was firm and dark. The pancreas and 
adrenal glands appeared healthy. The kidneys were congested but otherwise 
normal; there was no appreciable reduction of renal parenchyma, and the pelvic 
fat was not increased; the capsule stripped readily, leaving a slightly roughened 
surface. The bladder was hypertrophied and the epithelium intensely congested. 
The ovaries and uterus were normal in appearance. 

The brain, which weighed 1,100 Gm., was removed intact and placed in formal- 
dehyde-saline solution for examination later. The skull and air sinuses were 
healthy, and the hypophysis was normal in size and appearance. The spinal cord 
was removed intact and preserved. 

The brain, after fixation, showed little of note externally; the meninges were 
not thickened and pacchionian bodies were not in excess. There was no appre- 
ciable atrophy, even after removal of the leptomeninges, except perhaps in the 
precentral convolution, which on both sides appeared slightly smaller than normal 
as compared with neighboring gyri. The vessels of the circle of Willis were 
normal in arrangement and were not thickened, but appeared small. On cutting 
the brain for histologic examination no abnormal features were noted. Softened 
areas were entirely absent, and the ventricular system was not dilated. The 
spinal cord appeared normal on section. 


Histologic Report—Cerebral Cortex: The following areas were selected for 
study: frontal pole; agranular frontal region; granular frontal region; precentral, 
postcentral and angular gyri; cuneus; calcarine cortex; superior and transverse 
temporal gyri; insula, and cornu ammonis. In all parts of the cerebral cortex 
examined the architecture was in general well preserved, but three main pathologic 
features were noted: First, there was focal degeneration of nerve cells, patchy, 
scanty and not confined to any one layer, although the granular laminas, because of 
their greater cellularity, appeared to be most affected. This focal degeneration 
amounted to actual disappearance of cells in some places, whereas in others the signs 
were those of chronic degeneration, such as shrinkage, absence of the Nissl substance 
and lipoid change. Some of the nerve cells which were not atrophic revealed a 
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2 Fig. 1.—Focal hyperplasia of fibrillary astrocytes interspersed between preserved 
a nerve cells in the third lamina of the agranular frontal region. Hortega’s silver 


carbonate method. 


Fig. 2—A glial “rosette” in the sixth lamina of the cortex of the insula. The 
hyperplasia involves both astrocytes and oligodendrocytes. Hortega’s silver 


carbonate method. 
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high degree of fatty degeneration, most noticeable in the larger cells, but neurono- 
phagia was not evident and gitter cells were not seen. The absence of nerve 
cells was noticeable in relation to blood vessels. Second, areas of hyperplastic 
glia were scattered throughout the gray matter, mostly in small aggregates, seem- 
ingly independent of changes in the nerve cells and not always related to the 
course of small vessels. The astrocytes were hypertrophied, showing a fairly 
universal fibrous transformation with an increase in the number of processes, and 
they were present in numbers greater than normal; only occasionally were they 
fused to form monster cells. The glial hyperplasia affected the oligodendroglia 
also, especially in the upper three layers, but to a lesser extent than the astrocytes ; 
the microglia was only slightly concerned. Third, in addition to this focal gliosis 
there was general hyperplasia of the glia of all types in the cortex, especially in 
the fifth and sixth laminas. 

The cortical vessels appeared healthy, and even the capillaries revealed only 
a minimum of fibrosis, such as is usual in a person of the age of the patient 
(Baker +). 

In the cornu ammonis, in addition to a fatty change in the nerve cells, there 
was to be seen through the walls of the small veins a diffusion of fat. This was 
interpreted as a postmortem change. In the taenia hippocampi corpora amylacea 
were present in great numbers, and myelin preparations of this region showed 
some diminution of the endogenous fibers. Apart from these changes, the cornu 
ammonis was singularly free from histologic evidence of disease, for there was 
no cell atrophy, glial hyperplasia, formation of senile plaques or proliferation of 
the walls of vessels. 

Caudate Nucleus and Putamen: These structures showed slight general diminu- 
tion in the number of nerve ceils, both large and small, as well as a fatty change. 
Silver impregnation methods revealed no definite excess of glia, except for a 
focal gliosis apparently independent of the destruction of nerve cells and most 
noticeable in the lateral zone of the putamen, near the external capsule, and in 
the caudate nucleus near the ventricle. An increase of glia cells in the transversely 
severed bundles of myelinated fibers crossing the corpus striatum was also noticed. 
The blood vessels were slightly thickened. 

Claustrum: By way of contrast to the corpus striatum, the changes in this 
area of gray matter were severe. There were both partial loss of myelin, as 
revealed by specific stains, and diminution in the number of nerve cells, as shown 
in Nissl preparations. Bordering on the capsula externa there was a marked 
glial reaction, extending practically throughout the claustrum, which served to 
limit the white matter. In fact, it resembled a glial scar, but changes in the 
nerve cells did not seem to account for it. All glia elements were hypertrophied 
and present in great numbers. The astrocytes, which were fibrous, showed pro- 
liferation of their processes, large bodies and sometimes clasmatodendrosis. The 
slight amount of cellular atrophy in the claustrum and diminution of myelinated 
fibers in the adjoining white matter appeared to be insufficient to determine this 
glial reaction. Alterations in the blood vessels were negligible. 

Optic Thalamus: In this ganglion were observed a slight degree of vascular 
thickening, increase in the glia and reduction in the number of nerve cells. In 
the basal parts there were many corpora amylacea, and in one place a small 
vessel was seen the adventitia of which was surrounded by small lymphocytes: 
this, however, was only an isolated observation and was interpreted as a secondary 
reaction. 


1. Baker, A. B.: Am. J. Path. 13:453, 1937. 


| 


688 ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


Globus Pallidus: No pathologic features were noted, apart from diminution 
in the number of nerve cells and slight thickening of the vessels. 

Corpus Luysi: The ganglia were normal on both sides. 

Substantia Nigra: This area appeared normal in all respects, the pigment 
being confined to the nerve cells and never extracellular or phagocytosed. 

Choroid Plexus: The changes in this structure were considered normal for the 
age of the patient. 

Cerebellum: Some of the smaller arterioles, especially those of the meninges, 
showed early atheroma. The arterioles lying deep in the substance of the cere- 
bellum were affected to a less degree. The architecture of the cerebellum was 
well preserved, the molecular layer revealing only a slight increase of glia cells 
and fibers. The granular layer showed slight separation of the granules, and 
their number was thought to be less than normal. The cells of the nucleus 


Fig. 3.—Diffuse gliosis of the claustrum. Hortega’s silver carbonate method. 


dentatus, however, were greatly swollen, with dark, eccentric and occasionally 
pyknotic nuclei. The Purkinje cells were less altered, a fact which suggested that 
the changes in the nucleus dentatus were not due to postmortem alterations. In 
some parts of the cerebellum, however, the Purkinje cells were diminished in 
numbers. Myelin preparations revealed partial but uniform decoloration in the 
white matter immediately surrounding the dentate nucleus. In the molecular layer 
there were a few corpora amylacea. Glia elements showed some apparent increase 
in their numbers, but hypertrophy of individual cells was only occasionally seen; 
this glial enrichment was more noticeable in the white than in the gray matter. 
Medulla: Most of the ganglion cells of the hypoglossal and vagal nuclei and the 
cells of the substantia reticularis and of the nucleus cuneatus were swollen, whereas 
those of the inferior olive were, by way of contrast, shrunken. The swelling of 
these nerve cells was accompanied by persistence of the Nissl substance imme- 
diately around the nucleus and disappearance in the more peripheral cytoplasm, 
suggesting a primary toxic reaction on the part of the nerve cells. Occasionally, 
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however, the reverse was seen, when Nissl bodies were observed lying peripherally 
while the cytoplasm adjoining the nuclear membrane took on a homogeneous 
appearance. There were mild reactive changes, presumably directed against a 
minimal degree of internal hydrocephalus in the subependymal region. The 
ependymal cells were flattened, and there was some edema of the underlying 
tissue, which contained corpora amylacea, sclerotic vessels and mild gliosis. Specific 
preparations revealed no demyelination in this region. 

Spinal Cord: The architecture of the cord was well preserved, but Weigert-Pal 
preparations revealed in the lumbar region partial decoloration of the posterior 
and lateral columns, including the pyramidal tract and in the cervical region slight 
discoloration of the posterior columns—changes which because of their diffuse 
rather than focal nature were thought to be compatible with senility. There was 
no marginal decoloration, however, such as is often seen in cords of senile persons. 
Some of the nerve cells, especially those of the anterior horns, were swollen in 
much the same way as has been noted in other parts of the central nervous system, 
and the Nissl substance had either disappeared completely or been displaced 
peripherally. Sometimes the nucleus was deformed and eccentric, lying in apposition 
to the cell membrane. The fat content of these cells did not appear to be high. It 
was noticed that not all the nerve cells of the cord showed these changes, many 
seeming to be quite healthy. Nearly all the cells in the lateral horns of the lumbar 
region subserving the vegetative centers (lateral sympathetic nuclei) were degen- 
erated, either swollen like the anterior horn cells or shrunken and showing changes 
similar to those in the cord which one associates with senility. The vessels showed 
some degenerative changes with proliferation, more in the posterior than in the 
anterior septum. In the former, the principal vessels were distinctly tortuous and 
sclerotic, and the same change was noted in the vessels of the spinal meninges. 

Leptomeninges: Representative portions showed only a slight increase of fibrous 
tissue, such as could be attributed to the age of the patient. 


COMMENT 


Histologic Features—In the preceding account of the histologic 
changes, certain features warrant consideration. 

The fatty degeneration of many of the nerve cells was compatible 
with a senile change, but the degree of swelling of some cells, notably 
those comprising the nucleus dentatus, the nucleus cuneatus and the 
nuclei of the hypoglossus and vagus nerves, and also of cells of the 
anterior and lateral horns, was considerable. However, fatty degenera- 
tion of nerve cells is not infrequently encountered after the age of 50, 
especially if there has been a serious illness, and the intensity of this 
change appears to depend on such factors as the severity and chronicity 
of the malady and the degree of cachexia present; it may be accepted 
as evidence of a general disorder of fat metabolism. 

The diminution in the number of nerve cells of the cortex and basal 
ganglia was both general and focal. A distinction should be made 
between them, for the former is also in all probability an attribute of 
age, the extent of which varies considerably in different persons. The 
reduction in the number of nerve cells was, however, only slight in this 
case, and as an abnormal finding it was less a feature than the fatty 
degeneration. The focal atrophy of nerve cells is less easy to explain. 
It is a common observation in cases of senile psychoses, in which it is 
attributable to accentuation of the general atrophic reaction and is 
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explicable on the basis of vascular impoverishment, but in this case the 
foci of cellular atrophy appeared for the most part to be independent 
of vascular distribution and reactive processes, for they occurred in all 
layers but were most apparent in the granular laminas. The neuronal 
changes, therefore, in this case were slight, especially in comparison 
with the glial activity, but they were, nevertheless, pathologic for a 
person of the patient’s age. The fact that the microglia was little altered 
is in itself against any great destruction of nerve cells. 

The glial changes in the cerebral cortex were both general and focal, 
areas of the latter being noted frequently in close proximity to apparently 
healthy nerve parenchyma. The topographic distribution did not follow 
any definite plan, and the focal gliosis could not be correlated with 
vascular distribution. The glial hyperplasia in the deep layers of the 
cerebral cortex, especially at the junction of the gray and the white 
matter, was an exaggeration of the normal senile pattern. In the sixth 
cortical lamina, and sometimes but less constantly in the fifth lamina 
also, astrocytes appeared to be present in excess of their normal numbers, 
but the hyperplasia was not confined to the astroglia, for the oligo- 
dendroglia shared in this cellularity. It would seem as if the sixth 
lamina, since it normally contains more glial tissue than the other layers 
of the cortex, had reacted according to the rule of Alzheimer, namely, 
that the intensity of a glial reaction is determined by its natural glial 
content. Thus it is that the difference between a general and a focal 
reaction of the cortical glia may be partly explained on the basis of an 
intensity of reaction predetermined by the glial topography. A point 
of importance, however, is that in the early stage of a glial reaction to 
cortical disease the protoplasmic astrocytes are usually conspicuous and 
fibrous glia appears later. In this case, however, the astroglia had 
undergone fibrous transformation, a change which is an attribute of 
age (Pollak *). 

Although the glia of the gray and the white matter showed this 
general tendency to fibrous transformation, certain dwarf astrocytes 
with scanty and slender processes were noted here and there, which, 
because they were apparently not determined by vascular impoverish- 
ment, were regarded as atypical forms of differentiation from the 
parent cells. 

The focal gliosis as it affected the zona marginalis was of the type 
originally described by Chaslin * in association with epilepsy and senile 
dementia. It consisted of a dense network of glia fibers and the presence 
of many fibrillary astrocytes in small clusters, puckering the surface of 
the brain. This alteration is familiar in brains of old persons, so that 
in this case, taken in conjunction with the fibrous metamorphosis of the 
protoplasmic astroglia, it might be thought to point the way to and 
offer morphologic proof of the senile element in the pathogenesis of this 
disease. But the normal high complement of fibrous astroglia in the 
marginal zone makes it inevitable, when the rule of Alzheimer becomes 
operative, that gliosis here will be not inconsiderable, and as the degen- 
erative reactions of the cortex were too scanty to explain this distinct 
response on the part of the fibrous glia we must conclude that it is only 
@ manifestation of the general glial hyperplasia. 


2. Pollak, E.: Wien. med. Wchnschr. 76:734, 1926. 
3. Chaslin, P.: Arch. de méd. expér. et d’anat. path. 3:305, 1891. 
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An interesting feature was the existence of the focal aggregates of 
astrocytes. It is possible to trace the stages of development of these 
areas of gliosis from the earliest, when two or three large fibrillary 
astrocytes were found together, to the final form, which amounted to a 
rosette of fibrous glia. It is noteworthy that in the early lesions the 
nerve cells appeared healthy, or at any rate were morphologically 
unchanged. <Atypically situated astrocytes, large and fibrous, placed 
between healthy nerve cells, were noted in all layers of the cortex, a 
finding all the more significant in the middle layers because here the 
presence of fibrillary astrocytes is uncommon. In the later stages of 
the glial rosettes degenerative changes in the nerve cells in and around 
these foci were present, and the oligodendrocytes and a few of the microg- 
lia cells showed characteristic reactions, with neuronophagia. The 
evolution of this glial hyperplasia, however, apparently preceded, and 
always exceeded, the degenerative reactions of the nerve cells. Attempts 
were made to demonstrate in these lesions some sort of central area 
containing products of metabolism, but none was found. 

The histologic features of the basal ganglia were on a par with those 
observed in the cerebral cortex, but the gliosis of the claustrum would 
seem to be unusual. 

Generally speaking, the changes in the vessels were slight, but in a 
few areas, such as some vessels of the spinal meninges, alterations were 
more definite. It seems safe to deduce from the histologic changes that 
the vessels played little, if any, part in the production of this disease. 

In short, from the histologic standpoint there were presented in this 
case only some foci of gliosis in the cortex, with slight generalized glial 
overgrowth, maximal in the claustrum; indefinite chromatolytic changes 
in the cells of the anterior horns and in some of those of the cerebral 
cortex, and slight loss of granular and Purkinje cells; many other 
neurons, including those of the dentate nucleus, showed much fatty 
alteration. 

Clinical Features—The short history and the rapid development of 
the psychosis, combined with the early neurologic symptoms, were 
thought to indicate a disseminated process throughout the cerebrospinal 
axis, and the histologic studies have since confirmed that opinion. 

Justification was felt for including the case in the presenile group 
of dementias because, at the beginning of the illness the patient was 
only 60 and was in no sense of the word senile. When the rate of aging 
of both persons and tissues is known to vary so much, it is obviously 
not possible to impose an upper age limit for the presenium; each case 
for consideration as a member of this group of dementias must be 
assessed on its own merits. The determining factor must be the impres- 
sion gained from a careful study of the patient, her history and immediate 
relatives as to whether she had entered the senile period of life. The 
essential point of a presenile dementia is that the mental illness com- 
menced at an age when the patient still retained normal vitality, the 
decline in which is usually evident somewhere between the ages of 60 
and 70. Our patient was still middle aged and in full possession of her 
vigor and interests when this illness began. 

There was no resemblance, either clinically or histologically, to the 
more familiar dementias associated with the names of Pick and 
Alzheimer or to senile dementia, even in their most acute forms. We 
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have been impressed with the fact that clinical variations, which are 
determined by the patient’s individuality, may be met in diseases of the 
central nervous system, so that an atypical course does not necessarily 
imply that the underlying disease as revealed by the histologic changes 
is unusual. For this reason this case was believed to fall into the class 
of the psychosis with neurologic signs which is associated with the 
names of Creutzfeldt and Jakob. In view of the rarity of this disease, 
the entity of which is in doubt, a succinct account of it may not be out 
of place. 

Under the title of “a peculiar focal disease of the central nervous 
system,” a case was reported by Creutzfeldt * in 1921. In the same year 
Jakob ° described 3 further examples under the heading of ‘“‘spastic 
pseudosclerosis: encephalomyelopathy with disseminated degenerative 
lesions.” Including Creutzfeldt’s case with his own, he gave an account 
of the clinical and pathologic findings which served as a basis for sub- 
sequent workers. Since then, further presumed examples have been 
recorded by Kirschbaum (1924), Zimmermann (1928), Meyer (1929), 
Heidenhain (1929), Meggendorfer and Stender (1930), Stender (1930), 
Davison (1932) and Jansen and Monrad-Krohn* (1938). Josephy * 
also referred to a case described by von Woerkom. Jansen and Monrad- 
Krohn have given a full account of the clinical and pathologic features 
of all the cases, with the exception of those of Davison, Heidenhain and 
von Woerkom. 

The illness has its maximum incidence in the fourth and fifth decades, 
but the youngest of the 14 patients whose cases were collected by these 
authors was only 20, while the oldest was 55. Eight patients were male 
and 6 female. Family histories were without significance, except in the 
case of 2 sisters. The average duration of the illness was one year, with 
extremes of three months and two and a half years. Fluctuations in 
the psychosis have been noted. The prodromal stage lasts from a few 
weeks to several months and is characterized by slight psychic altera- 
tions amounting to anxiety, depression, lack of interest, negativism or 
excitement, together with neurologic disturbances which already betoken 
a widespread disorder of the central nervous system. They include 
ataxia, paresis of the legs, disturbance of speech and insomnia. Rom- 
berg’s sign may be positive. This ‘‘neurasthenic’”’ commencement is 
succeeded by an “organic” stage, in which psychic and neurologic 
disturbances are manifold. The former are the more arresting and are 
characteristic of progressive dementia, namely, euphoria and excitement 
followed by bouts of apathy and forgetfulness. As the disease progresses 
the slight failure of memory develops into a state of dementia, with 
confabulation, delusions and hallucinations, both visual and auditory. 


4. Creutzfeldt, H. G., in Nissl, F., and Alzheimer, A.: Histologie und Histo- 
pathologie Arbeiten tiber die Grosshirnrinde, mit besonderer Beriicksichtigung der 
pathologischen Anatomie der Geisteskrankheiten, Jena, Gustav Fischer, 1921. 

5. Jakob, A.: Ztschr. f. d. ges. Neurol. u. Psychiat. 64:147, 1921. 

6. Davison, C.: Brain 55:247, 1932. 

7. Jansen, J., and Monrad-Krohn, G. H.: Ztschr. f. d. ges. Neurol. u. Psychiat. 
163:670, 1938. 

8. Josephy, H., in Bumke, O., and Foerster, O.: Handbuch der Neurologie, 
Berlin, Julius Springer, 1936, vol. 16, p. 882. 
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The neurologic symptoms are widespread and varied. There may be 
nystagmus. Speech becomes slow and monotonous, and later distinct 
dysarthria develops. The gait becomes ataxic and the knees “give.” 
Spontaneous movements of the limbs may occur, and at the same time 
there may be severe pains in the limbs, but objective disturbances of 
sensibility are never great. The limbs become spastic, with exaggera- 
tion of the deep reflexes, absence of the abdominal reflexes and extensor 
plantar responses. The alteration in the tone of the muscles is often 
due to a combined pyramidal and extrapyramidal lesion. There may be 
coarse tremors, with choreiform and athetoid movements. When well 
established the illness progresses rapidly, mental deterioration becomes 
extreme, epileptiform seizures may occur and the patient adopts anoma- 
lous postures and utters inarticulate noises. The final stage is one of 
extreme dementia and wasting, with loss of control of the bladder and 
rectum. Death is usually hastened by pulmonary complications. The 
fundus oculi remains normal throughout the course of the illness. 

Two clinical types have been recognized, a cerebral and a cerebro- 
spinal. The first is the more difficult to diagnose, it is said, because in 
the earlier stages it may bear a close resemblance to schizophrenia. The 
diagnosis of the Creutzfeldt-Jakob syndrome may be suggested by a 
combination of pyramidal and extrapyramidal signs with progressing 
dementia, but the resemblance to Alzheimer’s disease and to other pre- 
senile dementias may be close. 

Histologically, there is diffuse degeneration of the nerve cells, with 
only slight focal accentuation. The degeneration shows itself in the form 
of swelling of the nerve cells, with severe fatty changes, and sometimes 
culminates in their complete disappearance. The most affected parts 
are the frontal and temporal cortex, the gyrus cinguli and the subiculum. 
The parietal and occipital portions of the cortex are usually spared. In 
addition, the corpus striatum, the medial nucleus of the optic thalamus, 
the globus pallidus, the substantia nigra and the nuclei of the cranial 
nerves may be involved in this neuronal degeneration. There follows 
proliferation of the astroglia, often considerable, with fibrous transforma- 
tion and periventricular condensation. On the whole, the microglia and 
the oligodendroglia appear to be little altered. Occasionally there are 
signs of an inflammatory reaction, as evidenced by perivascular cuffing. 
Whether Jansen and Monrad-Krohn are justified in presenting these 
cases as representing a disease sui generis can be decided only in the 
future. We believe that there is, at present, insufficient evidence to 
justify its recognition. 

The anamnesis and clinical findings in our case, however, bore a 
certain resemblance to those in the so-called Creutzfeldt-Jakob disease, 
but, as was also noted in the cases of Zimmermann, Kirschbaum, 
Meggendorfer and Stender, and Stender, the psychic symptoms were 
more pronounced and developed earlier, whereas the neurologic symp- 
toms were less striking and were most noticeable in the beginning of the 
illness; moreover, the physical signs, for instance, dysarthria and 
unsteadiness of walking, were predominantly cerebellar. The weakness 
of the legs could have been a combined spinal and cerebellar symptom. 
In the anatomic analysis of our case there proved to be less destruction 
of nerve tissue and an unusual glial reaction. 


t 
i 
= 


694 ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


Hallervorden ° spoke of “‘atypical” instances of this syndrome. With 
1 of these, a case of Alzheimer’s, described by Gurewitsch,’® our case 
has certain features in common. The case, which is not included in 
the series of Jansen and Monrad-Krohn, was that of a man aged 43 who 
had a fatal illness of fifteen months’ duration following an attack of 
pneumonia. 


Three weeks after the commencement of the pneumonia, when convalescence 
was well advanced, the patient showed alteration in his mental state, with jerking 
of his limbs, slowness of speech and unsteadiness of gait. A well defined extra- 
pyramidal picture developed, with amimia, tremor, shaking of the head and ataxia of 
the limbs. The mental picture was at first reminiscent of a Korsakoff syndrome, 
but later profound dementia developed. Necropsy and subsequent histologic exami- 
nation revealed a universal degenerative change in the nerve cells, of moderate 
degree. There was an increase of glia in all layers of the cortex, but the sub- 
cortical white matter was normal. In one area of the cornu ammonis there was 
infiltration of the vessels with lymphocytes and plasma cells. Glial hyperplasia 
Was present in the corpus striatum and to a less degree in the optic thalamus, red 
nucleus and olives, while it was absent in the claustrum, insula, internal capsule and 
globus pallidus. The dentate nucleus was completely destroyed, but the cortex of 
the cerebellum and the spinal cord were intact. There were no senile plaques or 
neurofibrillary alterations. 


Although our case differs from this one in both clinical and histologic 
particulars, the variations may amount to no more than could be 
accounted for by individual response, both symptomatic and cellular, 
to the same unknown pathologic factor or factors. But since an identical 
histologic picture of the brain may betoken different etiologic factors, it 
would perhaps be advisable to consider our case on its own merits and 
not seek to identify it too closely with that reported by Gurewitsch or 
with any of the “more typical’ examples of the Creutzfeldt-Jakob 
syndrome. 

There are other diseases which must be considered in the analysis 
of this case. Foremost among them, on account of the predominantly 
cerebellar onset, must be mentioned those involutional atrophies of the 
cerebellum which are sometimes associated with mental changes. They 
have been referred to recently by Akelaitis*! and by Greenfield.’* It 
would appear that psychic disturbances are not unusual in association 
with the cerebellar atrophies (Akelaitis; Wilson **), and this is in keep- 
ing with the generally recognized protean nature of abiotrophic diseases 
of the central nervous system. Akelaitis recorded a histologic study of 
the cases of 2 brothers afflicted with this disease who belonged to a family 
which appeared to have instances of the same disease in two previous 
generations. In the first case cerebellar signs preceded the slight mental 
disturbances, but in the second restlessness and mental depression came 
first. The cerebral cortex showed diffuse diminution of cells, most 
evident in the third and fifth laminas. The cerebellar atrophy took 


9, Hallervorden, J., in Bumke, O.: Handbuch der Geisteskrankheiten, Berlin, 
Julius Springer, 1930, vol. 11, pt. 7, p. 1061. 

10. Gurewitsch, M.: Zentralbl. f. d. ges. Neurol. u. Psychiat. 29:249, 1922. 

11. Akelaitis, A. J.: Am. J. Psychiat. 94:1115, 1938. 

12. Greenfield, J. G.: Proc. Roy. Soc. Med. 31:1450, 1938. 

13. Wilson, S. A. K.: Neurology, edited by A. N. Bruce, Baltimore, William 
Wood & Company, 1940, vol. 2, p. 965. 
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the form of loss of Purkinje cells. It is well known that these cells, 
because of their highly organized structure, are relatively susceptible 
to noxious agents. In our case, although the Purkinje cells were 
diminished in number and the granular layer was scantier than normal, 
the changes cannot be considered arresting. Nevertheless, the symptoms 
were at first predominantly cerebellar, and it is known that cerebellar 
changes may be minimal in this disease, or at any rate may not be 
evident unless the whole organ is examined systematically. Moreover, 
the cells of the inferior olives had, in our case, taken on an atrophic 
appearance, which is in keeping with the changes in this group of dis- 
eases. Akelaitis substantiated an early observation of Holmes ** that 
such changes in the olive are secondary to those of the cerebellum. It 
would appear, therefore, that, in spite of the curious observation of a 
focal gliosis, the condition in the case we have described stands in relation 
to the parenchymatous atrophies of the cerebellum in the same way that 
it does to the Creutzfeldt-Jakob syndrome. 

Other diseases must also be considered. We cannot discern any 
resemblance between the disease in our case and epidemic encephalitis, 
Pelizaeus-Merzbacher disease or amyotrophic lateral sclerosis. These 
conditions are mentioned here because they were referred to by Jansen 
and Monrad-Krohn in the differential diagnosis of ‘‘Creutzfeldt-Jakob 
disease.” Hepatolenticular degeneration may be excluded on the grounds 
of clinical findings and also of the absence of Alzheimer glia cells in our 
case. Although the lesions observed at autopsy were consistent with 
those associated with hepatic cirrhosis, the liver was, unfortunately, not 
available for histologic examination, so that the absence of hepatitis 
cannot be proved. The possibility of pellagra, however, must be seriously 
entertained. The mental symptoms of our patient were consistent with 
this diagnosis, but there were no somatic manifestations of this disease, 
such as stomatitis, diarrhea and cutaneous lesions. These signs were 
carefully sought, in view of the rapid onset of the psychosis. On the 
histologic side, our patient had the fatty degeneration of nerve cells of 
the cerebral cortex such as is seen in pellagra, but the characteristic 
chromatolysis of the large pyramidal cells was absent and the vessels 
were remarkably healthy, whereas in the deficiency disease hyaline 
degeneration of the cerebral vessels is usual. Moreover, glial changes 
such as were present in our case have not been reported in cases of 
pellagra; in this disease the macroglia is only slightly altered. 

In addition to these diseases, we believe that other conditions must 
be considered. First of these is plumbism. The reported “secondary 
anemia” is suggestive, but the examination made when the patient 
entered the hospital in no way suggested lead intoxication, basophilic 
stippling being negligible. Neither were any other signs of this disease 
present, and, on the histologic side, there was almost complete lack of 
vascular disease. The second possibility which can safely be dismissed 
is alcoholism. Apart from the fact that there was no history suggesting 
even a moderate intake of this drug, there were no confirmatory signs 
of the disease in the pathologic study. Wernicke’s disease is excluded 
by reason of the absence of lethargy, intrinsic ocular signs or oculomotor 
paralyses and the complete absence of hemorrhagic foci in the brain 
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stem, while Korsakoff’s syndrome, which by reason of the early appear- 
ance of amnesia and the tendency to confabulation is more likely on 
clinical grounds, is improbable because of the lack of the characteristic 
vascular lesions and the gliosis in the walls of the third ventricle, the 
floor of the fourth ventricle and the corpora mamillaria, and also the 
absence of the degeneration of the third cortical lamina recently described 
by Morel.*° Again, there is to be considered the psychosis with neuro- 
logic signs recorded by Claude, Lhermitte and Baruk,'® associated with 
atrophy of nerve cells of the frontal cortex and basal ganglia together 
with neuroglial activity in relation to the atrophied cells ; the resemblance 
to the condition in our case, however, is only superficial, but it is con- 
ceivable that both diseases are of the same order and are manifestations 
of the same type of nosologic agent. Finally, mention must be made of 
the interesting case reported by Stern,’* in which the disease appeared 
to be a genuine system degeneration of the optic thalamus, with con- 
sequent glial overgrowth. The striking feature of Stern’s case was the 
severe dementia, with little to show for it in the cerebral cortex. In this 
respect there is perhaps some similarity to our case. 

General._—The clinical and histologic analysis of our case reveals a 
widespread involvement of the central nervous system, and for this 
reason many of the findings are difficult of explanation. For instance, 
the disturbance of the bladder might be accounted for by the changes in 
the nerve cells of the lumbar region of the cord, but it could be as readily 
attributed to the disease of the thalamus or the cerebral cortex. That 
the psychic disorders were a manifestation of cortical changes is 
undoubted, but the alterations in the subcortical ganglia may have 
influenced the cortex sufficiently to modify the character and intensity 
of the illness. In the same way, there are several possible explanations 
for the “attack” which the patient had in the hospital and also for the 
dysphagia. 

Some of the changes in the brain, such as the slight and nonspecific 
degeneration of the nerve cells and the metamorphosis of the proto- 
plasmic astroglia into a fibrillary type, are usual in senile diseases of 
the brain and to a less extent in the normal senium, but the degree 
in this case was pathologic and, as an expression of senility, in sharp 
contrast to the somatic appearance, which was that of the presenium. 
The characteristic reaction of the glia might be described as an involu- 
tion factor, but between this hyperplasia of the glia and the changes in 
the nerve cells there was a dissociation which was unusual in degree. 
One is accustomed to secondary gliosis following degeneration of nerve 
cells, but here there was a glial reaction which, although admittedly not 
considerable, was disproportionate to and apparently preceded the degen- 
eration of the nerve cells. One of us (E. P.15) has demonstrated previ- 
ously that it is sometimes possible to recognize a primary physiologic 
or pathologic reaction of the glial elements preceding morphologic 
changes in the nerve cells. But such a reaction has been on the part 
of the protoplasmic astrocytes, the oligodendrocytes and, to a less extent, 


15. Morel, F.: Rev. neurol. 71:280, 1939. 
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the microglia cells. In our case, however, the characteristic feature 
was the evolution of a fibrillary type of glia of all varieties, such as is 
characteristic of old age (Gellerstedt '*) and such as one usually asso- 
ciates with the final repair after destruction of nerve cells. However, 
in this instance there was apparently little attempt to heal diseased areas 
by formation of scars; neither had the glial response the attributes of a 
blastomatous process. The explanation must remain hypothetic, and we 
suppose that two factors contribute to this change in the brain: first, a 
primary irritation of the glia, probably of toxic nature and not always 
sufficient to affect the nerve cells morphologically, and, second, the senile 
reaction of the glia, which favors the development of the fibrillary type 
of astrocyte. We must envisage in this case an individual liability to a 
senile type of glial reaction, but in a single instance such as this it is 
difficult to give any further explanation. 

In view of the changes in the anterior horn cells of the cord some 
degree of muscular wasting would not have been unexpected. In 
Davison’s first case of “‘spastic pseudosclerosis” the anterior horn cells 
were involved, with corresponding muscular atrophies, but in his second 
case atrophy of muscles was not noted. 


SUM MARY 


A case of an unusual psychosis of rapid course in a woman aged 
60 is reported. 

Histologic examination revealed changes throughout the central 
nervous system amounting to slight degeneration of the nerve cells 
and disproportionate hyperplasia of the fibrous astroglia. 

It is suggested that two pathologic factors may account for this 
process: first, an unknown agent, possibly toxic, irritating the glia as 
well as the nerve cells and, second, an unusual propensity of the glia 
to senility. 

The relation of this disease to the so-called Creutzfeldt-Jakob disease, 
to the primary parenchymatous cerebellar atrophies with dementia and to 
pellagra, as well as to other conditions, is discussed. 


Dr. G. H. Shore, medical superintendent of Shenley Hospital, permitted the 
publication of this case; Dr. John Hewitt furnished the autopsy account, and 
Dr. A. G. Gibson, pathologist to the Radcliffe Infirmary, permitted us to make 
the histologic examination in his laboratories. 


19. Gellerstedt, N.: Upsala lakaref. forh. 38:193, 1933. 
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Obituaries 


SIR HENRY HEAD, M.D. 
1861-1940 


The passing of Henry Head, after a long illness which severely 
incapacitated him for many years, marks the close of the era of British 
neurology associated with the great names of Hughlings Jackson, David 
Ferrier, William Gowers, Victor Horsley and Kennier Wilson. Head, 
in a period of fifty years, saw the beginnings and flowering of the British 
school and left no uncertain mark himself on a brilliant period of 
advancement. His place is secure among a small group in England who 
did most to develop the subject. 


Born Aug. 5, 1861, Head was educated at the Charterhouse School 
in London, the University of Halle, Trinity College, Cambridge, and 
the University of Prague. He became a fluent speaker of German and 
French, so much at ease in these languages that at the customs barriers 
officials at first were often in doubt as to his nationality. Returning to 
his native land, he practiced neurology in London from the nineties 
until about 1928, one of the outstanding physicians of his time. His 
scholarly attainment gained early recognition; he was made a fellow 
of the Royal Society, one of the youngest men to join that distinguished 
body, and was raised to knighthood in 1927. He gave the Goulstonian 
lecture in 1901 and the Croonian lecture in 1911 and for seventeen years 
was the able editor of Brain. 

In addition to his large practice, Head spent a considerable time 
ach day in human physiologic investigation. His first work, an exten- 
sive, critical study, was on the pain zones of the skin in visceral disease. 
Published in 1894, two years after his graduation from Cambridge with 
the degree of Doctor of Medicine, this work brought immediate and 
deserved recognition. “Head zones” was added to the language of clin- 
ical neurology, and his name became known throughout the medical 
world. With this paper as a basis, a plan of study was soon evolved; 
from visceral nerves he proceeded to peripheral nerves and then to the 
functions of the spinal cord, including the control of the vesical and 
rectal sphincters, the medulla and midbrain, the basal ganglia, the speech 


areas and, finally, the motor and sensory fields of the cerebral cortex. 
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At each level, Head, by his painstaking observations, threw additional 
light on the functions of the nervous system. In a series of papers, 
mostly published in Brain, with details of each procedure carefully 
recorded, Head accomplished more work in an orderly manner than 
almost any neurologist who has ever lived. As an example of planned 
investigation in neurophysiology his work has never been surpassed. 
In quality, moreover, it ranks with the classic contributions to the 
subject. Hlis method was one of slow, methodic investigation, his 
results being checked and rechecked and his observations clearly set 
forth for all to read. As an example of his care in publishing his results, 
he once said to me: “I have never published a paper without first 
rewriting it many times, putting the manuscript in order and then, 
when it was ready to send to the journal, laying it aside for a year. 
If at the end of a year I felt that my observations were correct and 
my conclusions sound, I sent it in.” Such caution is, indeed, rare in 
medicine; to Head any other method was unthinkable. 

When adverse criticism was directed against his observations, more- 
over, he was not unwilling to take up the matter directly with the 
person who offered the criticism. After the famous experiment on his 
own arm in 1903, when the radial nerve was severed, and two reports 
on the subsequent observations had been published, Max von Frey made 
some general criticisms of Head’s views. Head went to Wurzburg in 
the spring of 1908 and spent a week in von Frey’s physiologic labora- 
tory, submitting himself to a long series of tests. Many of Head’s 
statements were confirmed. Professor von Frey’s and other criticisms 
were examined and commented on by Head in an appendix to his col- 
lected volumes of studies. 

During the World War, Head gave up his private practice and 
contined himself to his physiologic studies. He served on a committee 
on injuries of the nervous system under the Medical Research Council. 
One of the publications of this committee, issued in 1924, was a report 
on “Injuries of the Spinal Cord and Cauda Equina.” This report, one 
of the best ever published on injuries in this region, has frequently 
heen used as a basis for further studies. Another paper, entitled “The 
Automatic Bladder, Excessive Sweating and Some Other Reflex Con- 
ditions in Gross Injuries of the Spinal Cord,” resulted from the evalu- 
ation of injuries of the spinal cord by Head and George Riddoch. Many 
oi these studies were made at the Empire Hospital for Injuries of the 
Nervous System in London, a hospital for officers. There patients were 
intensively observed for months; the intellectual standard of the injured 
served to make the subjective symptomatology of particular value. 
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These papers and others were finally issued in two large volumes, 
entitled “Studies in Neurology” (London, Oxford University Press, 
1920). 

In 1916, I had the opportunity of working with Head at the London 
Hospital two or three days a week. I would meet Sir Henry precisely 
at 2:15 p. m. in one of the small rooms adjacent to the Currie ward 
of the London Hospital in the West End. Head was always prompt, 
and two patients would be waiting for him. Work, at that time, was 
being carried forward on a study of the cerebral cortex, and the patients 
were soldiers who had received injuries to the head. 

For instance, one patient aged 22, was injured in the postrolandic 
area, Nov. 1, 1916, by a fragment of a high explosive shell. He was 
examined by Head and me on Nov. 29, 1916. In addition to the usual 
neurologic examination, which was as complete as possible, an extensive 
study of the affected arm in relation to loss of sensation of various 
forms was made. Measured movement was taken on a scale with each 
finger tested and accurately recorded. Similar complete records of move- 
ments at the wrist and elbow were made. These movements were 
recorded on a scale attached to the patient’s arm and were repeated 
many times before an average reading was put down. A second testing 
was made by placing weights first on the right hand and then on the 
leit. The weights were carefully made pieces of lead of exactly the same 
size in relation to the part which touched the body. Differences in 
weight of between 60 or 70 and 100 Gm. were first used on one hand 
and then the other, records being made in regard to whether or not 
the responses were equal on the two sides. The variation was largely 
a matter of degree, and great care was taken to ascertain exactly the 
degree of sensory loss. The same procedure was carried out with von 
Frey hairs of various strengths. This examination was followed by 
consecutive compass tests, carried out on each hand at twenty different 
points, and by determinations of the appreciation of tuning fork vibra- 
tions and the perception of various degrees of temperature. The testing 
of a single person might take two hours, but Head always stopped 
promptly at 4:30 for tea. A day or two later we would do the same 
thing all over again. 

This will give slight impression of the care with which Head made 
his monumental studies. An observer was always impressed by the 
thoroughness of his research, his particular detachment in the examina- 
tion of a patient and his great ability to make the patient feel at ease 
before and after his investigations. 


This is not the place to review completely Head’s epoch-making 
studies. It should be pointed out, however, that whatever aspects of 
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nervous disease or injury Head considered worthy of study, he added 
notably to knowledge of that subject. His papers serve to reorient the 
entire physiologic concept of the functions of the peripheral nerves and 
of the sensory cortex. The studies of the latter were perhaps his 
crowning achievement, for no one before his time had made such exten- 
sive investigations, nor had any one evaluated the functions of the 
sensory cortex in so thorough a manner. He was the first to point 
out that the sensory cortex deals with the recognition of spatial relations, 
the response to stimuli of different intensity and the appreciation of 
similarity and difference in external objects brought into contact with 
the surface of the body. Head showed, moreover, that loss of this type 
of sensation could be produced by lesions of both the postcentral and 
the precentral convolution, the anterior part of the parietal lobule 
and the angular gyri. The form assumed by a cortical loss of sensation, 
according to Head, could not be expressed in anatomic or the usual 
physiologic terms, but was to be thought of in those of the most 
elementary processes of mind. The anatomic lesion upsets the orderly 
sequence of the physiologic process, and this defect of function is mani- 
fested in the disturbance of the psychic act of sensation. Changes in 
sensibility of the cortical region of the upper extremity do not follow 
the distribution of axial or radicular lines. Each digit is a unit. It is 
the functions, rather than the anatomic relations of any one part of the 
body, that are represented. Next in order comes the sole which constantly 
exercises a discriminative action in walking. Hence, a cortical lesion 
may disturb the sensibility of the hand and foot without of necessity 
atfecting the elbow, shoulder or knee. 

For ten years after the War Head continued to work in London. 
It was during this period that he carried out his studies on aphasia, 
using in most cases methods developed for his previous observations. 
These consisted of repeated examinations by serial tests. The function 
ot speech, to Head, was one of “symbolic thinking and expression.” 
The various forms assumed by disorders of speech were described under 
verbal, nominal, syntactic and semantic aphasia. 

Slowly paralysis agitans overcame his activities, and he retired to 
his estate at Hartley Court, near Reading. There, in a delightful home, 
set in a park, he lived the last decade of his life, slowly victimized by 
one of the most trying of all diseases. In spite of his illness, he was 
still pondering and planning research for others, if he could not carry 
it cut himself. He died in Reading, Oct. 9, 1940. In his will he left to 
the Royal Society over $500,000 with provision that the money “shall 


be applied for the purpose of the advancement in England of the science 
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of medicine in the widest sense.”’ He suggested that the funds be used to 
establish professorships or similar posts or research scholarships in some 
branch of medical science. 

In addition to his scientific writing, Head wrote considerable verse. 
His earlier works were translations of Heine’s poems. During the World 
War, however, he contributed a number of poems of worth to the Vale 
Review, at the instigation of his old friend Harvey Cushing. Of first 
importance was one of wide appeal, “I Cannot Stand and Wait.” A 
patient dying of an injury to the spinal cord inspired a touching tribute, 
“Died of His Wounds.” In “Destroyers,” who keep “the peace of our 


ancestral home,” Head wrote his finest verse. The small collection was 
published in 1919, as “Destroyers and Other Verses,” by the Oxford 


Press. 


News and Comment 


THE NICHOLS MEMORIAL COTTAGE OF THE 
NEW YORK HOSPITAL 

The governors of the Society of the New York Hospital announce the recent 
completion at 121 Westchester Avenue, White Plains, N. Y., of the Nichols 
Memorial Cottage, in memory of Dr. Charles H. Nichols, attending physician 
from 1849 to 1852, and medical superintendent from 1877 to 1889. 

Designed and equipped to care for twenty disturbed women patients, the one 
story building of brick, concrete and steel construction consists of two wings at 
right angles to each other, with the extreme ends of the wings connected by 
enclosed passages, the entire construction forming an enclosed quadrangle for 
outdoor recreation. 

There are fourteen single bedrooms and one dormitory of six beds, two sitting 
rooms for patients and two visiting rooms. Unusually adequate provisions for the 
safety, comfort and recreation of disturbed patients have been provided. 

It is felt that the building combines the utmost in safety without sacrificing 
comfort and the pleasing aspects which are also desirable in the care of patients 
of this type. 

Physicians will always be welcome visitors. 


COMMITTEE FOR PUBLICATION OF BOOKS BY THE 
LATE DR. PAUL SCHILDER 
The Society for Psychotherapy and Psychopathology of New York has 
appointed a committee, headed by Dr. Bernard Glueck, to arrange for the publica- 
tion of one or more of the books of the late Dr. Paul Schilder. Contributions to 
make such publication possible may be sent to the secretary of the committee, 
Dr. Frank J. Curran, 404 East 55th Street, New York. 
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Abstracts from Current Literature 


Anatomy and Embryology 


Tue RELATIONSHIP BETWEEN THE SECRETORY CELLS OF THE PARS NERVOSA OF 
THE Hypopnysts AND CLAssicAL NeurociiA. Grirritus, Endocrinology 
26:1032 (June) 1940. 


The genesis of pituicytes was studied in 1 to 25 day old chicks and the mor- 
phology in adult fowls, dogs and rats. The study was undertaken to establish a 
clearer concept of the relationship between the neuroglia of the pars nervosa and 
that of the central nervous system by a comparison of the morphologic features, 
genesis and cytoplasmic inclusions. 

Pituicytes, like protoplasmic astrocytes and oligodendrocytes, have finely 
granular, nonfibrous cytoplasmic processes and typical ovoid gliosomes. The 
cytoplasmic processes form vascular and pial attachments which are morphologi- 
cally identical with those of astrocytes. The genesis of the pituicyte and that of 
the astrocyte are the same, both arising from the supportive spongioblasts. The 
spongioblasts and pituiblasts, as the immature pituicytes are termed by the author, 
multiply by mitosis in chicks, but in the adult bird the pituiblasts migrate away 
from the ependymal epithelium and amitotic division occurs. Masses of nucleated 
cytoplasm possessing cytoplasmic processes and vascular attachments also migrate 
from the ependymal epithelium, and these may persist as such in their definitive 
positions or the cytoplasm may divide and typical, independent pituicytes result. 

Thus, on morphologic and developmental grounds, pituicytes are related closely 
to protoplasmic astrocytes and in less degree to oligodendrocytes, the three groups 
apparently forming an interrelated glial unit. 

Since the pituicyte group of the glial unit has endocrine functions, it tends to 
support Achucarro’s hypothesis of the endocrine function of astrocytes. 


PatMer, Philadelphia. 


UNILATERAL REVERSAL OF THE ANTEROPOSTERIOR AXIS OF THE MEDULLA IN 
AmBLysTOMA. S, R. Detwiter, J. Exper. Zool. 84:13 (June) 1940. 


In embryos of Amblystoma of stages 19 and 20, the entire medulla was 
reversed end for end in one series of experiments, and in another series the right 
half of the medulla was excised and replaced by a left half from a donor embryo 
after being reversed end for end. In the latter series the anteroposterior axis 
became reversed, but the mediolateral and dorsoventral axes remained unchanged. 
In spite of this the gross morphologic structure of the medulla was normal. Sample 
cell counts at various levels showed that in the reversed half of the medulla 
cellular proliferation of the various levels had changed. The ear on the side of 
operation developed in most cases with reversed asymmetry. The results showed 
that the medulla has a capacity for morphogenetic and functional readjustment 
comparable with the brachial region of the embryonic spinal cord. 


WyMan, Boston. 


GrRoWTH REGULATION OF TRANSPLANTED Eye AND Lec Discs DrosoOPHILA. 
DretricH BopeNsTEIN, J. Exper. Zool. 84:23 (June) 1940. 

Eye and leg disks of larvae of Drosophilia hydei were transplanted in various 
combinations, and their subsequent behavior was followed. When transplanted into 
the abdomen of larvae of the same age the growth of eye and leg disks proceeded 
normally. When disks were transplanted between larvae of different ages those 
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in the older hosts grew better than those in the younger hosts. The disharmonic 
size relation thus created between transplant and corresponding host organs was 
always regulated in the course of development until the normal size relation with 
the host was restored. The results are discussed in the light of a hypothesis to 
explain growth regulation in amphibia previously proposed by Twitty. 


Wyman, Boston. 


THe FUNDAMENTAL SYMPATHETIC PLEXUS AND THE INTERSTITIAL CELLS. J. 
30EKE, Ann. d’anat. path. 16:961, 1940. 


3oeke recapitulates present knowledge of the interrelationship of the sympa- 
thetic system and the organs which it innervates. The problem is discussed 
whether the organization of this system is the same as that of the somatic nervous 
system. There are three competing theories: 1. Cajal and his jollowers first 
assumed that the axon emanating from a sympathetic ganglion cell of the lateral 
horn of the spinal cord or of a peripheral ganglion remains independent throughout 
its course, forms a synapse around another sympathetic neuron or ends with a 
simple bouton terminal on the innervated tissue. 2. A second theory is based on 
Cajal’s later observation (1911) of small cells with an affinity for silver and 
methylthionine chloride (methylene blue) which are found between the smooth 
muscle fibers of the intestinal tract, the “interstitial cells,’ which Lawrentjew 
concluded were nerve elements (1925). From these interstitial cells originates a 
reticulum of fine fibers which is independent of the final plexus of the sympathetic 
nerve, although the latter seems to innervate the interstitial cells. From the 
meshwork of fine fibers of the interstitial cells arise short boutons terminales, 
which end on the cell to be innervated. 3: The theories of Stoehr, Reiser and 
others are diametrically opposed to the idea of such a simplified system. They 
assume that at the point of innervation the sympathetic fiber forms a terminal 
reticulum, a meshwork of numerous minute fibers, which become gradually and 
progressively finer until they merge with the very protoplasm of the glandular 
cell, the smooth muscle fiber or the reticuloendothelial cell which they innervate. 

According to Boeke, the interstitial cells are endowed with secretory functions, 
and the product of their neuricrinie is the chemical transmitter of the nerve 
impulse to the innervated cell. The fundamental plexus, the finest ramifications 
of fibers originating from these interstitial cells, corresponds to Fukutake’s 
wirksame Strecke, the efficient, final ending of the sympathetic fiber. 


WEIL, Chicago. 


Physiology and Biochemistry 


CEREBRAL CARBOHYDRATE METABOLISM DuRING DEFICIENCY OF VARIOUS MEMBERS 
OF THE VITAMIN B Comprex. H. E. Hrmwicna, T. D. Spies, J. F. FAzeEKAs 
and SarAu Nesin, Am. J. M. Sc. 199:849 (June) 1940. 


Himwich, Spies, Fazekas and Nesin report observations made on patients 
who, in addition to pellagra (nicotinic acid amide deficiency), exhibited signs of 
inadequate ingestion of other vitamins. Forty-nine determinations of the cerebral 
exchange of blood gases and utilization of sugar and lactic acid were made on 
27 patients. The results reveal a cerebral oxygen utilization of 6.12 + 0.21 volumes 
per cent before and of 5.51 + 0.21 volumes per cent after specific treatment. The 
lowest oxygen utilization occurred in those pellagrins who also had _ beriberi. 
Correlated with a diminished oxygen uptake is the average dextrose utilization 
of 6.4 mg. per hundred cubic centimeters. In patients without vitamin deficiencies 
average values of 14.6 mg. per hundred cubic centimeters have been observed. A 
group of 7 pellagrins presenting a clinical picture relatively uncomplicated by 
other deficiency diseases revealed an arteriovenous difference in oxygen uptake 
of 6.16 volumes per cent, which is somewhat lower than the normal. However, 
in 8 persons who had pellagra complicated by beriberi, a more marked depression 
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of the arteriovenous difference in oxygen utilization was observed, with an average 
value of 4.69 volumes per cent. This difference may be caused either by an 
increase in blood flow of 60 per cent over the normal or by diminished cerebral 


metabolism. Boston. 


THE CALCIUM AND PHOSPHORUS IN THE CEREBROSPINAL FLUID IN DIABETES 
Insipipus. Harry BLotNerR, Am. J. M. Sc. 200:235 (Aug.) 1940. 


Blotner studied the concentration of calcium and phosphorus in the cerebro- 
spinal fluid in 10 patients with diabetes insipidus, and compared the findings with 
those in the blood serum. Control tests were made on 10 patients with syphilis on 
whom diagnostic lumbar punctures were performed. In the control tests, the cal- 
cium concentration of the spinai fluid ranged from 3.9 to 5.6 mg. per hundred 
cubic centimeters. The total calcium in the serum varied from 9.5 to 11 mg. per 
hundred cubic centimeters. In the patients with diabetes insipidus, the total calcium 
in the spinal fluid ranged from 4.2 to 7.4 mg. and that in the serum from 8.4 to 
11.8 mg. per hundred cubic centimeters. The phosphorus contents of the spinal 
fluid and serum were within normal limits, and the values were much the same 
as in the control tests. The results indicate that there is a disturbance in the 
calcium level in some cases of diabetes insipidus. Analysis for inorganic phos- 
phate, chloride and protein showed no significant changes. 

MicHaeEts, Boston. 


THE RELATION OF THIAMINE TO Citric Actip Metasorism. H. A. Soper, M. A. 
Lipton and C. A. EtvenjJeM, J. Biol. Chem. 134:605, 1940. 

Cocarboxylase (thiamine pyrophosphate) is essential for the oxidative degrada- 
tion of pyruvic acid by the brain. Sober, Lipton and Elvehjem found that the 
excretion of citric acid during thiamine deficiency decreases. There is a decreased 
ability to transform succinic into citric acid, indicating that cocarboxylase is essen- 


tial for the synthesis of endogenous citric acid. Pace, Indianapolis. 


Fatty Acips SYNTHESIZED BY THE ACTION OF THIAMINE. H. E. LONGENECKER, 
G. Gavin and E. W. McHenry, J. Biol. Chem. 134:693, 1940. 

Rats fed diets deficient in the vitamin B complex and fat lost weight. Addition 
of thiamine hydrochloride to this basal ration caused rapid deposition of fat in the 
animal. The fat deposited was characterized by an increase in Cy acids especially. 
Thiamine hydrochloride, therefore, appears to be intimately concerned with lipid 


metabolism. Pace, Indianapolis. 


Acip-SoLuBLE PHOSPHORUS COMPOUNDS AND Lactic ACID IN THE BRAIN. W. E. 
Stone, J. Biol. Chem. 135:43, 1940. 


Stone describes methods for the determination of inorganic phosphate, phos- 
phocreatine, adenylpyrophosphate, “hexose phosphate,” and lactic acid, in duplicate, 
on a1 Gm. sample of brain tissue. In brains of normal mice, the following average 
values were found, expressed in milligrams of phosphorus per hundred grams ot 
brain tissue: inorganic phosphate 16.9, phosphocreatine 10.1, adenylpyrophosphate 
17.2 and “hexose phosphate” 22.5. During barbiturate anesthesia, the phospho- 
creatine of the brain is increased and inorganic phosphate is correspondingly 
decreased. The previous finding of a decrease in lactic acid in the brain during 
barbiturate anesthesia has been confirmed. After decapitation, the inorganic phos- 
phate of the brain increases at the expense of phosphocreatine and adenylpyro- 
phosphate, and possibly of phosphatides also. Lactic acid shows a large increase. 
The observed changes occur during the first five minutes after decapitation, with 
little further change during a subsequent period of twenty-five minutes. 


Pace, Indianapolis. 
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EvectricAL Activity OF THE LATERAL GENICULATE OF Cats FoLLow1nG Optic 
NERVE STIMULI. GeEorGE H. BisHor and James S. O'Leary, J. Neurophysiol. 
$:308 (July) 1940. 


Four groups of fibers in the optic nerve produce four potential waves after 
conduction. The geniculate body and cortex are activated chiefly by the first 
group, of fastest conduction, with one radiation spike only following each nerve 
volley. Paired shocks exciting these fibers in the optic nerve, even when maximal, 
show facilitation of the second responses at intervals of two to fifteen or more 
milliseconds. The same applies to successive synapses traversed in the cortex, 
the results being cumulative. 

The homolateral response of the optic cortex in cats varies from 15 to 70 per 
cent of the contralateral. No facilitation can be detected at the geniculate level 
by simultaneous or successive stimulation of the two optic nerves, and little, if 
any, at the cortical level. 

Slow potentials of the order of after-potentials in their time relations can 
sometimes be demonstrated at electrodes thrust into the cell layers of the genicu- 
late body. They seem to be nonconducted, and are interpreted tentatively as 
excitations due to slow decay of cell body or dendrites. 

The cortical activity shows a depression followed by facilitation having a 
phasic relationship to the alpha rhythm, after a single volley in the optic nerve. 
The short period facilitation occurring at the geniculate level and the cortex 
counteracts this depressive phase, so that with light anesthesia responses of the 
cortex will follow up to at least 100 per second. Fluctuations of amplitude in 
these responses still follow the alpha wave set up by the first stimulus of the 
train, until temporal dispersion of alpha processes occurs. 

Fibers from the optic tract spread in a thin surface sheet over much of the 
area bounded by the medial and lateral geniculate bodies, the pretectal area and 
the superior colliculus. From regions not usually assigned optic function, post- 
ganglionic responses can be recorded. In general, the larger fibers with faster 
conduction rate and lower threshold synapse in the anterior regions of the dis- 
tribution of the optic tract; the smaller, in the posterior regions. 


Avpers, Philadelphia. 


EFFEcts oF HEATING HyPpoTHALAMUS OF Docs By DIATHERMY. ALLAN HEMING- 
WAY, THEODORE RASMUSSEN, Howarp WIrkorF and A. T. RAsMusseEN, J. 
Neurophysiol. 3:329 (July) 1940. 


Small gold foil electrodes, measuring approximately 3 by 6 mm., with insu- 
lated thermocouple wires attached, were placed on either the anterior or the 
posterior portion of the hypothalamus of dogs by a subtemporal approach to the 
base of the brain. The free ends of the electrode wires were brought to a subcu- 
taneous position on the skull, and the dog was allowed not less than one month 
to recover from the cperation. Tests were made to determine whether the 
temperature-regulatory functions of shivering, panting and peripheral vasocon- 
striction and vasodilatation were normal. When these functions were found to be 
normal the brain was heated locaily by diathermic current from the brain electrode 
in a controlled environment. Heating the anterior portion of the hypothalamus 
caused inhibition of shivering and vasodilatation. Heating the posterior portion 
of the hypothalamus produced sleep and a slight decrease in intensity of shivering. 
Panting was not induced by local heating of the hypothalamus. The results prove 
the existence of centers for inhibition of shivering and thermal vasodilatation in 
the anterior portion of the hypothalamus which are motivated by local changes in 
brain temperature without changes in general body or peripheral temperatures. 
Postmortem examination of the hypothalamus revealed that no hypothalamic 
structures had been injured in any way by the experimental procedures. 


AvpeErs, Philadelphia. 
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RoLE oF NEOCORTEX IN REGULATING PosTURAL REACTIONS OF THE Opossum, 
ReGinaLp B. BrRoMLEY and CHANDLER McC. Brooks, J. Neurophysiol. 3:339 
(July) 1940. 


Electrical stimulation of the neocortex in 17 opossums revealed various areas 
from which movements of the contralateral facial, foreleg and hindleg musculature 
could be obtained. The placing and hopping responses of the opossum are much 
slower and less exact than those of phylogenetically higher forms. These postural 
responses are controlled in part by the electrically excitable areas of the neocortex. 
Ablation of this sensorimotor area of one hemisphere produces deficiencies in the 
responses of the contralateral foreleg and hindleg. The deficiencies in postural 
adjustment resulting from cortical lesions are less extensive than those resulting 
from ablation of similar areas of the cortex in higher forms. Visual responses 
are affected by removal of the visual cortex, but with this exception lesions in 
nonexcitable portions of the cortex cause no deficiency of the postural responses 
studied. 

Extirpation of a portion of the sensorimotor area produces deficiencies which 
are less extensive than those resulting from ablation of the entire area. Bilateral 
ablation of electrically excitable cortical areas results in bilateral deficiencies. 
Unilateral removal of the electrically excitable area alone produces just as great 
deficiencies in the placing and hopping responses of the contralateral legs as does 


ablation of the entire neocortex of one hemisphere. Atpers, Philadelphia 


CHOLINE ESTERASE IN BRAIN AND SPINAL CorD OF SHEEP EMpryos. D. Nacu- 
MANSOHN, J. Neurophysiol. 3:396 (Sept.) 1940. 


Choline esterase is present in a high concentration in the spinal cord of sheep 
fetuses at an early age of gestation (60 to 80 days). It is low at that time in brain 
centers, where it rises rapidly during the last weeks before birth. In striated 
muscle, the enzyme is also highly concentrated in the region of nerve endings at 
an early age, long before end plates appear. 

A remarkably high concentration is found in extrinsic muscles of the eyes at 


an early period. Avpers, Philadelphia. 


VERIFICATION OF VALUE OF LAIGNEL-LAVASTINE AND Koressios HEMOLYTIC 
SERUM IN TREATMENT OF MULTIPLE ScLEROSIS. P. Beck and P. MARTINI, 
Nervenarzt 13:103 (March) 1940. 


Beck and Martini, instructed in the technic by Koressios, employed the hemo- 
lytic serum named after Laignel-Lavastine and Koressios in 46 cases of multiple 
sclerosis and report observations strikingly at variance with the successful results 
recently claimed by the French originators of the serum (rabbit serum treated 
with blood derived from patients with multiple sclerosis). In all but 1 of the 
46 cases the disease was either of recent origin (7) or of somewhat less recent 
development (38). Twelve patients had been under observation for one and a half 
years, 19 for from one and a half to two years and 15 for more than two years. 
The dose, consisting initially of 0.5 cc. of the serum, had been increased under 
proper control when deemed necessary. In 31 cases no change in the gravity or 
course of the disease was noted; in 7 there were temporary or subjective signs 
of improvement but ultimate failure. Several of the patients with early disease 
were observed to grow worse in the course of the treatment. In 39 of the 46 
cases the results were regarded as negative. The authors’ skepticism concerning 
the favorable results obtained by the French authors is based on a more rigorous 
conception of what constitutes improvement. In view of the well known variable 
manifestations in multiple sclerosis and the frequency of remissions, subjective 
ameliorations, they think, viewed against a background of unmodified objective 
symptoms, need to be cautiously interpreted. Even the more recent significance 
attached to the serum by Koressios as “group specific”’ for infectious diseases of 
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the nervous system, because it evoked prolonged and extensive cutaneous reactions 
in cases of multiple sclerosis and in various forms of encephalitis, is challenged 
by the clinical reviewers. They were able to duplicate the reactions by means of 
a hemolytic rabbit serum treated with the blood of normal persons. 


J. A. M. A. 


Neuropathology 


HisToPATHOLOGIC UNIFORMITY OF DEMYELINATING DISEASES OF THE CENTRAL 
Nervous System. D. Norca, J. Nicoresco, I. BazGAn and I. Lupuescu, 
Ann. d’anat. path. 16:1043, 1940. 


Despite the manifold etiologic factors—toxic, degenerative, infective and neo- 
plastic—which may be responsible for the breaking down of the myelin sheath, 
the histopathologic picture of the different processes is rather uniform. As an 
example, histologic study of a brain is reported in the white matter of which was 
seen the picture of demyelination characteristic of Schilder’s disease, as well as 
the concentric demyelination described by Marburg, Balo, Marie and Foix, Barré 
and van Bogaert and Hallervorden and Spatz. The patient, a soldier aged 23, 
presented the clinical picture of pseudobulbar paralysis with decerebrate rigidity. 
Autopsy revealed fatty degeneration of the liver, congestion and infarction of the 
left lung and edema and increased size of the brain (1,750 Gm.). There were 
multiple areas of demyelination, usually sharply demarcated at the borderline of 
the gray and the white matter, as seen in Schilder’s disease. In preparations 
stained for myelin sheaths was seen either diffuse demyelination or concentric or 
maplike demyelination, as described by the authors mentioned. These areas were 
filled with compound granular corpuscles laden with fat and with hypertrophic 


neuroglia. Chicago. 


Myetitis NecroTicANs Supacuta. W. DANSMANN, Ztschr. f. d. ges. Neurol. u. 

Psychiat. 168:644 (Feb.) 1940. 

Dansmann reports a case of myelitis necroticans subacuta in a man aged 28, 
the duration of whose illness was six weeks. Five weeks before admission the 
patient had a tonsillar abscess. Five days before he came to the hospital he com- 
plained of pain in the right and then in the left leg. Increasing weakness in the 
lower limbs and persistent pains, coldness and numbness in the extremities were 
present before hospitalization. On admission there was marked weakness of both 
lower limbs. The tendon and skin reflexes were all diminished; there were no 
pathologic reflexes; all modalities of sensation were diminished below the second 
lumbar segment, with a narrow zone of hyperesthesia above that level. The level 
rapidly ascended to the seventh dorsal segment, and the flaccid paraplegia increased 
in intensity. Paresthesias appeared in the hands; stiffness of the neck was soon 
noted, and the patient became incontinent. Examination of the spinal fluid on one 
occasion showed 16 cells, and one week later 963 cells, per cubic millimeter. The 
protein was increased, with more albumin than globulin. Injection of iodized 
poppyseed oil showed no block. Spinal fluid cultures were sterile. The white 
blood cell count was not above 13,000, and the differential count was normal. The 
urine at first was normal and later showed evidence of cystopyelitis. The patient 
died one week after admission. 

The lumbar region of the cord looked grayish black on section. The surface 
of the cord in this area was irregular and was covered with whitish, shiny plaques. 
Cross sections of the cord showed that the necrosis extended to the midcervical 
region. The changes were least extensive in the ‘dorsal and most marked in the 
lumbar region of the cord. There was complete necrosis of the cord in the lumbar 
region, with no intact cells. Disseminated areas of necrosis were less marked 
in the other parts of the cord involved. There was a cavity in the cervical region 
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resembling that seen in syringomyelia. Above the lumbar region the white sub- 
stance was predominantly involved. In places the zone of root entry was involved. 
In the dorsal region the posterior columns were most severely affected. White 
cells infiltrated involved areas and were predominantly perivascular. These cells 
were chiefly lymphocytes. The oxidase reaction outside the blood vessels was 
negative. There was no obliteration of the lumens of any of the vessels, except 
of one small meningeal vessel. There was a wall of proliferated glial tissue 
around the cavity in the cervical region. The absence of leukocytic infiltration 
above the lower dorsal region was noteworthy. 

There is no ground for considering these necrotic changes in the cord as being 
due to vascular disease. There was no obliteration of any of the vessels in the 
spinal cord. The anatomic picture was not that usually seen in virus disease. The 
author believes that the changes in the cord in this case were due to bacteria and 
their toxins originating from the tonsillar abscess, which was present five weeks 
before admission. The experimental work of Hoche, in which necrosis and cavi- 
tation were produced in the cords of dogs with bacterial emboli, is mentioned 


(Arch. f. Psychiat., 1899, vol. 32). SavitsKy, New York. 


HIstToLoGic CHANGES IN HEPATOLENTICULAR DEGENERATION: I. ORIGIN OF THE 
ALZHEIMER GLIA CELL. N. W. Konowatow, Ztschr. f. d. ges. Neurol. u. 
Psychiat. 169:220 (March) 1940. 

Eight cases of pseudosclerosis were studied anatomically. Alzheimer glia 
cells were observed especially in regions where so-called primary irritation of 
ganglion cells was noted, as well as in regions where there was evidence of cir- 
culatory disturbance in the brain. They were seen also more often in those 
parts of the cortex where astrocytes were most abundant. Konowalow points out 
the similarity of the nucleus of the Alzheimer cell to that of the astrocyte. He 
was able also to find many transitional forms between the degenerating astrocyte 
and the Alzheimer cell. He therefore offers anatomic data as further evidence 
that the Alzheimer glia cell is derived from the astrocyte. He does not believe 
in the theory of Bielschowsky and others that the Alzheimer cell is an expression 
of a defective anlage, an abiotrophic degenerative process. He thinks that the 
changes in the brain in pseudosclerosis are due to some exogenous, probably 
toxic, process, and he cites the fact that Alzheimer glia cells have been found in 


disease of the liver. SavitsKy, New York 


Two CAsEs oF PRIMARY HEMORRHAGIC ENCEPHALITIS WITH PECULIAR LOCALIZA- 
TION. G. MartinorF and K. KOrGe, Acta psychiat. et neurol. 15:101, 1940. 


Martinoff and Korge report 2 cases of acute, rapidly fatal hemorrhagic 


encephalitis of primary type, 1 occurring in a youth aged 17 and the other in a 
man aged 57. Clinically, in both there was rapid onset of headache, vomiting, 
fever and stupor, with death on the second and the ninth day of illness, respec- 
tively. The pathologic process in both cases was limited to the walls of the fourth 
ventricle, where numerous hemorrhages of all sizes were observed, with con- 
siderable extravasation of blood into the ventricle itself. In the case in which 
the patient survived for nine days the third and fourth ventricles were completely 


filled with coagulum. BRENNER, Boston. 


RELATION BETWEEN DEGENERATION OF THE SUBSTANTIA NIGRA AND PARKIN- 
sontsM. A. P. Timmer, Acta psychiat. et neurol. 15:157, 1940. 


Timmer presents brief clinical histories and descriptions of the neuropathologic 
changes, with special reference to the substantia nigra, in 9 cases of parkinsonism 
—3 of the postencephalitic type, 3 of paralysis agitans and 3 of miscellaneous 
types. He concludes that the most severe degeneration of the substantia nigra 
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occurs in cases of postencephalitis and that the amount of damage is proportional 
to the rapidity of onset and the severity of the parkinsonian symptoms. However, 
considerable atrophy of the substantia nigra was found in the absence of parkin- 
sonism, and since the brain of an aged patient showed more marked cellular loss 
in this region than did the brains of the 3 patients with paralysis agitans the 
author concludes that one is not justified in assuming that this syndrome is the 
result merely of degeneration of the substantia nigra. BRENNER, Boston. 


Meninges and Blood Vessels 


CaroTi LIGATION IN SACCULAR INTRACRANIAL ANEURYSMS. JOSEPH SCHORSTEIN, 

Brit. J. Surg. 28:50 (July) 1940. 

Aneurysms in the cavernous sinus are fortunately placed, for the dural envelope 
surrounding them on all sides prevents their spontaneous rupture and to a certain 
extent limits their expansion. Should the aneurysm burst spontaneously before its 
walls have made contact with the walls of the cavernous sinus, an arteriovenous 
fistula results. Infraclinoid aneurysms do not give rise to subarachnoid hemor- 
rhage, and their effects, disabling and painful though they are, remain limited to 
compression of neighboring nerves. They do not, if untreated, constitute an 
immediate danger to the life of the patient. Ligation of the carotid vessels in 
these cases is resorted to in order to save the patient’s sight and to relieve pain 
in the distribution of the trigeminal nerve. 

Supraclinoid aneurysms without leakage betray their presence by neighborhood 
signs, particularly palsies of the ocular nerves, and by signs of increased intra- 
cranial tension. They resemble in this respect the infraclinoid aneurysms. Their 
growth may take place by simple enlargement of the sac itself, a repetition of the 
mechanism which in the first place led to the formation of the aneurysm, or 
repeated leakages of blood into the immediate neighborhood may produce layers 
of clot around the original lesion. 

In addition to the compression of neighboring nerve structures and the rise in 
intracranial tension, a third effect may be produced by supraclinoid aneurysms 
through pressure on blood vessels in their vicinity. In this manner they may affect 
their own parent trunk or other arteries at the circle of Willis. This arterial 
obstruction, remaining incomplete under ordinary conditions, may become clinically 
manifest in the form of grave neurologic dysfunction after occlusion of the main 
artery to the hemisphere. 

A cerebral vessel may be compressed by an aneurysm without apparent clinical 
signs until the flow of blood is still further reduced. This reduction may occur 
after ligation of the carotid artery, but a similar mechanism may be at work when 
spontaneous hemiplegia appears in a patient suffering from a basal aneurysm. In 
these cases of spontaneous hemiplegia the further impediment to the cerebral 
blood flow may be occasioned by an increase in the size of the aneurysm or by an 
increase in intracranial tension, such as occurs in subarachnoid hemorrhage. 

Schorstein asserts that preoperative impairment of the cerebral circulation 
accounts for the onset of cerebral damage after ligation of the carotid in patients 
with aneurysm. This view has been exemplified by his material. The cases of 
infraclinoid aneurysms were remarkably free from postoperative complication, and 
unusual conditions were present in the 3 cases in which neural damage occurred. 
Of the cases of supraclinoid aneurysms, the highest percentage of neurologic com- 
plications and the highest mortality were found in the group with recent aneurysmal 
leakage. Subarachnoid hemorrhage raises the intracranial tension by its bulk, by 
the obstruction of cerebrospinal fluid pathways and, most important of all, by 
osmotic attraction of fluid. An increase in intracranial tension is not the only 
factor which may impede the cerebral blood flow. Compression of basal vessels 
is equally important, and the combination of these two conditions may lead to 
critical embarrassment of the cerebral circulation, even without the obstruction of 
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the main artery to the hemisphere. This mechanism, in Schorstein’s opinion, 
accounts for the occurrence of a large number of cases of spontaneous hemiplegia 
in patients who have supraclinoid aneurysms. 

The practical implications of these considerations are obvious. In cases of 
infraclinoid aneurysms, ligation of the carotid artery is a safe procedure. In cases 
of supraclinoid aneurysms, it is highly dangerous; and in the presence of extensive 
subarachnoid hemorrhage, it is almost certain either to be fatal or to be followed 
by neural damage of varying intensity. The direct attack on supraclinoid aneur- 
ysms appears to hold out more hope of success. 

Cerebral anoxemia may produce a variety of histologic pictures. Its extent and 
severity after ligation of the carotid artery depend largely on the preoperative 
state of the patient’s systemic circulation and the effect produced by intracranial 
lesions on the cerebral circulation. The manifold clinical pictures encountered 
after ligation of the carotid artery may be correlated with a variety of pathologic 
states—patchy necrosis, areas of loss of neural elements, proliferation of meso- 
dermal cells and astrocytes, proliferation of endothelial cells, phagocytosis of iren 
and fat, intimal necrosis of vessels and obliteration of blood vessels. 

Theoretically, a degree of cerebral anoxemia must always follow the occlusion 
of a carotid artery, but it need not become severe enough to betray its presence 
clinically. The actual occurrence of neural dysfunction depends on the severity 
of the anoxemia and on the extent of the area affected; the initiation of the 
pathologic process and its clinical manifestation need not coincide in time. Methods 
of neurologic examination at the bedside enable one to detect a late stage in the 
evolution of cerebral anoxemia; an instrument more delicate than the tendon 
hammer might register its onset. The variability of clinical signs and the delayed 
appearance of neurologic disabilities can be correlated with the conception of an 
anoxemic process, influenced in its progress by the general health of the patient, 
particularly his blood pressure and blood volume. An explanation in static terms 
of cerebral softenings and irrevocable damage from embolic occlusion is inadequate. 

Cerebral anemia could be caused by primary inefficiency of the circle of Willis 
or by obstruction of an artery by clot. These theoretic assumptions are not sup- 
ported by anatomic facts, and the view has been expressed that slowing of the 
cerebral blood flow and varying degrees of cerebral anoxemia should be regarded 
as the fundamental pathologic processes following ligation of the carotid artery. 
These may lead to dilatation and increased permeability of the cerebral capillaries, 
resulting in edema. Stasis and raised carbon dioxide tension may be looked on 
as features of a reduced blood flow, but venous congestion, venous stasis, and 
edema may appear as lesions underlying transient neural disorders and necessitate 
the assumption of an obstruction acting on the venous outflow. 

The most potent mechanism affecting the diameter of cerebral vessels is the 
carbon dioxide tension, and an accumulation of carbon dioxide in consequence of 
a reduced blood flow should have a vasodilating effect in excess of the hypothetic 
sympathetic vasoconstriction. 

Stimulation of the carotid sinus, however, may play an important part in the 
effects produced by digital compression of the carotid artery in the neck. This 
procedure, first advocated by Matas, has been accepted as a preoperative test of 
great importance. Its results appear to be fallacious. Digital compression is 
hardly ever applied for more than an hour at a time, yet grave signs of neurologic 
damage appear commonly twenty-four hours and longer after the occlusion of 
the carotid artery. 

Pilcher and Thuss did not find that age influenced the outcome of the operation. 

The results of ligation of the carotid artery performed for indications other 
than intracranial aneurysms can be explained if the preoperative state of the 
cerebral circulation is taken into account. If ligation of the carotid artery must 
be undertaken as an emergency measure in the case of a patient who has lost 
blood or is suffering from shock, blood transfusions should go far toward improv- 
ing the results of ligation. 


Stuck, Denver. 
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Diseases of the Brain 


Birps AND MosguitoEs As Hosts For Virus OF EASTERN EQUINE ENCEPHALO- 
myeELitTIs. W. A. Davis, Am. J. Hyg. (Sect. C) 32:45 (Sept.) 1940. 


Davis investigated which mosquitoes native to Massachusetts are capable of 
transmitting eastern equine encephalomyelitis. Sixteen species of mosquitoes native 
to Massachusetts, including all the commoner members of the forty Culicinae 
known to the state, were obtained for study. In addition, Aedes aegypti was used 
as a control because it was already known to be a vector. The author also 
determined whether mosquitoes could become infected by feeding on wild birds, 
which may thus serve as a reservoir for the virus. He found that of the seven- 
teen species of mosquitoes studied five (Aedes vexans, Aedes sollicitans, Aedes 
cantator, Aedes atropalpus and Aedes triseriatus) and a laboratory strain (Aedes 
aegypti) could transmit the virus of eastern equine encephalomyelitis from infected 
birds or mammals to other animals. No transmissions were obtained with the 
Culex, Mansonia and Anopheles genera of mosquitoes. Most mosquitoes of the 
genus Aedes probably can serve as vectors of the virus in the laboratory, but 
ecologic factors determine the importance of the different species in nature. If 
mosquitoes are the natural vectors of equine encephalomyelitis, Aedes vexans was 
probably the most important vector of the infection in the New England epidemic 
of 1938. Experimental evidence showed that birds (English sparrows, pigeons and 
cowbirds) could be infected with virus by the bite of infected mosquitoes and that 
such birds may serve as a source from which mosquitoes become infected. The 
results do not prove that birds are the natural reservoir of equine encephalomyelitis, 
but it is likely that mosquitoes which become infected with virus from such birds 
in turn infect horses, human beings, birds or other animals. J. A. M.A. 


Tue BRAIN IN MALIGNANT HyPERTENSION. Epwarp F. RosensercG, Arch. Int. 
Med. 65:545 (March) 1940. 


Rosenberg analyzes the autopsy material obtained from 17 persons who died 
of malignant hypertension. The duration of life after the onset of symptoms varied 
from four to eighteen months. All the patients had hypertension, evidence of 
cardiac damage and a distinctive retinal picture. Renal function was good early in 
the disease but often failed terminally. In all but 2 patients the results of neu- 
rologic examination were completely negative. Lumbar puncture was done on 7 
patients, 5 of whom had an elevated cerebrospinal fluid pressure. 

There was no constant relationship between the severity of the arteriosclerosis 
in the large peripheral arteries and the severity of the hypertension. The degree 
of change seen in the retinal vessels in most instances corresponded to that seen 
in the peripheral arteries and usually indicated a similar change in the vessels at 
the base of the brain. The arterioles of these patients showed a slight increase 
in perivascular connective tissue, hypertrophy of the muscular coats of the media 
with an increase in nuclear elements, a hyperplastic change affecting the internal 
elastic lamina and proliferation of the endothelial and subendothelial cells, which 
at times was so extensive as almost completely to occlude the lumen. In a study 
of the walls of cerebral arterioles it was found that the mean ratio of wall to 
lumen was 1:1.7 for the brains of persons who died of malignant hypertension, 
whereas for the normal control subjects the mean ratio was 1: 3.5. 

The two major pathologic processes that damage the brain in cases of malig- 
nant hypertension are hemorrhage and infarction. The former consisted of massive 
hemorrhages, small spotty hemorrhages, bleeding on the surface of the brain and 
capillary hemorrhages. Infarcts in the brains were of two varieties, single large 
and multiple miliary infarcts. The miliary type was the more common. These two 
types of cerebral damage can be inferred with considerable accuracy from the 
nature of the clinical course. Intracerebral or extracerebral edema occurs fre- 
quently and may produce symptoms of increased intracranial pressure. 
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When clinical neurologic signs were present focal destructive cerebral lesions 
were often found. In the past, many of the clinical phenomena occurring in 
patients with malignant hypertension were attributed to spasm of cerebral vessels, 
The spasms may occur and may be responsible for the lesions, but it is suggested 
that there be a careful examination of the brain of a person who has demonstrated 
focal signs because of the frequent association of these signs with definite cerebral 
damage. 

The author proposes a classification of cerebral phenomena of severe hyper- 
tension: (1) symptoms of increased intracranial pressure, (2) symptoms of multiple 
miliary cerebral lesions, (3) symptoms of large cerebrovascular accidents and (4) 


combinations of the three types. Beck, Buffalo 


THE FUNCTIONAL RELATIONS OF THE PRIMARY, SECONDARY AND TERTIARY VISUAL 
CorTIcAL AREAS. SAMUEL D. INGHAM, Bull. Los Angeles Neurol. Soc. 
5:12 (April) 1940. 


Clinicopathologic evidence indicates that Brodmann’s area 17 (area striata) is 
the primary field of visual perception; the adjoining area 18 is the secondary 
field, functioning in the recognition of visual percepts, and areas 19 and 39 are 
tertiary fields, mediating complex visual integrations, revisualization and visual 
language functions. Ingham reports the case of an arteriosclerotic man who 
suddenly became blind and experienced headache and mental confusion. Recovery 
of 5 degrees of macular vision came within six days, and examination disclosed 
retention of visual recognition and recollection and eventually the ability to read. 
He could describe from memory various routes in the city. He could discriminate 
colors and recognize objects. Autopsy following his death from coronary disease 
two years later revealed bilateral destruction of area 17, with the exception of 
each occipital pole. Area 18 was involved on the mesial surface on each side. 
For Ingham this case confirms area 17 as the cortical center for visual perception, 
the tip of the calcarine cortex as mediating macular vision and areas 19 and 39 


as subserving visual recognition and recollection. Mackay, Chicago 


Prexus Tumors IN INFANCY AND CHILDHOOD. Cart W. RANp and 
Davip L. Reeves, Bull. Los Angeles Neurol. Soc. 5:31 (April) 1940. 

Rand and Reeves report 4 cases of tumor in the lateral ventricle occurring in 
infancy or childhood. Three of these tumors, in patients aged 5 years, 2 years 
and 21 months, respectively, were classified as “choroidoependymal tumors” and 1, 
in a child aged 13 months, as a papilloma of the choroid plexus. In all cases, the 
signs and symptoms were those of rapidly increasing intracranial pressure, with 
varying amounts of ataxia, rigidity of the neck and attacks of generalized muscular 


rigidity and opisthotonos. High temperature was a feature in 2 cases; xantho- 


chromic, bloody fluid was obtained at ventricular or spinal puncture in 2 cases 
and clear fluid in another. Clinically, in all cases the tumor was thought to be 
in the posterior cranial fossa, although a ventriculogram eventually demonstrated 
a cerebral tumor, mistakenly thought to be a cystic glioma, in 1 case. Suboccipital 
exploration was made in 2 instances. At autopsy the tumors were observed to be 
large, fragile, vascular and hemorrhagic. The 3 choroidoependymal tumors were 
rich in cuboidal or columnar cells arranged in sheets or forming perivascular 
pseudorosettes without other connective tissue stroma. In 2 of the 3 tumors 
blepharoplasts were seen and a tendency to form tubules was noticed. Glial fibrillae 
were formed in 1 tumor. The papilloma of the choroid plexus, on the other hand, 
exhibited hyperchromatic cuboidal or columnar cells forming numerous papillae 
with connective tissue stalks and without blepharoplasts. Rand and Reeves point 
out that the clinical diagnosis of tumors of the choroid plexus is difficult, the 
conditions for which they are mistaken including hydrocephalus, subarachnoid or 
subdural hemorrhage and cerebellar tumor. Only by means of ventriculographic 
examination revealing xanthochromic fluid and a filling defect can the preoperative 
diagnosis and localization of such tumors be made with certainty. 


Mackay, Chicago. 
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SPATIAL DISORIENTATION DIAGNOSTIC DIFFERENTIATION BETWEEN FRONTAL AND 
OccipiraL Lesions. R. B. RANEY and J. M. Nietsen, Bull. Los Angeles 
Neurol. Soc. 5:73 (April) 1940. 

Spatial disorientation resulting from lesions of the inferior surface of the major 
or both occipital lobes appears to be due to loss of ability to revisualize spatial 
relations. Lesions of the frontal lobe may also produce spatial disorientation, but 
in this case the power to revisualize is preserved and the defect consists of inability 
to apply this knowledge. Raney and Nielsen report the case of a man aged 35 who 
while intoxicated sustained an injury to the right frontal region of the brain. 
Two weeks later he gave a clear account of having wandered about the city on 
foot during most of the night, explaining where he had gone and what had 
happened at well identified localities. During this night, he had been greatly 
confused and unable to reach home, but had recognized various streets, recalled 
a distant service station, walked to it and telephoned his wife. Eventually he 
was taken to his parked car and drove home. He remained confused for two 
weeks, after which he exhibited some fabrication, occasional irrationality, choked 
disks and suggestive pathologic reflexes. After ventriculographic examination, 
an encapsulated hemorrhage in the posterior part of the right inferior frontal 
convolution was removed. All mental symptoms had disappeared within five days. 
Raney and Nielsen state that the patient’s episodic disorientation with remarkably 
clear memory for geographic relationships represents disorientation of frontal 


rather than of occipital origin. Mackay, Chicago. 


Post-PartTUM RETINAL ARTERIAL OBSTRUCTION ASSOCIATED WITH HEMIPLEGIA. 
A. M. W. Tuomson, Brit. M. J. 1:387 (March 9) 1940. 


Thomson reports a case of retinal arterial obstruction associated with contra- 
lateral hemiplegia following accidental hemorrhage in a patient in the seventh 
month of pregnancy. Seven days after the accident, on arising from bed the 
patient noted that she could not see with her left eye and that her right arm and 
leg were paralyzed. The hemiplegia disappeared in two days. However, treat- 
ment with various drugs failed to improve the blindness. During the patient's 
pregnancy she had no normal breast reaction, and during convalescence she felt 
the cold keenly. The author agrees with Soerensen that thrombosis of the internal 
carotid artery might cause such a combination of events. The abnormal feeling 
of coldness and the absence of mammary reaction in the case reported may indicate 
involvement of the pituitary gland. 

That the patient recovered from the hemiplegia rapidly is indicative of the 
slight damage to the cerebral nerve cells. The permanency of the retinal obstruc- 
tion suggests that the vascular interruption was more complete in the central 
retinal artery than in the middle cerebral artery. The transient nature of the 
hemiplegia might lead one to believe that spasm was the cause of obstruction, but 
the permanent damage of the retina favors organic obstruction as the cause of 
interruption in circulation. 

It will be recalled that the internal carotid artery on each side is in close 
proximity to the pituitary and that the arteries supplying the pituitary body and 
the ophthalmic arteries leave the carotid artery close to the gland. If thrombosis 
occurs during pregnancy, giving rise to necrosis of the pituitary, it is conceivable 
that this thrombosis might block the entire pituitary artery and even protrude 
into the lumen of the internal carotid, artery. In this state the brain and eyes 
would probably be sufficiently provided with blood. When collapse takes place, 
however, there is retardation of circulation, with the possibility of injection of 
fresh thrombi into the opening of the ophthalmic artery, with subsequent blindness, 
and also into the middle cerebral artery, resulting in hemiplegia. The author 
prefers this explanation of the obstruction to that of Minton, who attempts to 
explain it by the occurrence of thrombosis in the pelvic veins and the detachment 
of a small piece of thrombus which reaches the central retinal artery via a patent 
foramen ovale. 


New Orleans. 
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FreicGNep Epitepsy 1N Wartime. R. Ironstpe, Brit. M. J. 1:703 (April 27) 
1940. 


Epilepsy may be feigned in times of war by unwilling conscripts and prisoners 
of war. The old-fashioned sham fits, produced histrionically with the aid of soap 
to produce froth and pricking the gums to cause bleeding, are no longer attempted. 
Convulsant drugs, such as monobromated camphor and insulin, may be used by 
confederates, but are dangerous. Postepileptic stupor may be simulated by hyp- 
notic drugs taken by mouth. Every symptom and sign of epilepsy can be artifi- 
cially produced. The culprit usually has an accomplice, who describes the details 
of the fit to the attending physician. Ironside differentiates between the real and 
the pseudoattack. A simulated postepileptic stupor induced by drugs may last for 
days or weeks, whereas true postepileptic stupor lasts for minutes or hours only. 
Drug stupors are unheralded and unaccompanied by convulsion or clonic twitch- 
ings of the muscles. Between attacks the malingerers feign imbecility and amnesia. 
Few victims of epilepsy become mentally deficient, and amnesia is not a symptom 
of the disease. Feigned epilepsy must also be distinguished from hysteria. Before 
issuing a certificate of unfitness to an epileptic patient, the author advises careful 
history taking, with special attention to contradictions in the patient’s story, over- 
elaboration of the history, suppression of details of previous treatment and a history 


of constant employment of the patient. Ecnots, New Orleans, 


BILATERAL OPHTHALMOPLEGIA FROM INTRACRANIAL EXTENSION OF A TUMOR OF 
THE RicgHtT MAXILLARY Sinus. Marta ANpbrE, J. belge de neurol. et de 
psychiat. 40:21 (Jan.) 1940. 


André reports the case of a man aged 57 with carcinoma of the right maxillary 
sinus. During the course of his illness headaches and bilateral ptosis developed. 
Later, examination revealed the presence of bilateral total ophthalmoplegia, corneal 
anesthesia, slight diminution of visual acuity and moderate atrophy of the optic 
nerves, but no papilledema or palpebral edema. Roentgenograms showed extensive 
destruction of the sphenoid bone. The author reports this case because of the 
rarity of the syndrome of bilateral ophthalmoplegia in patients with tumor of the 
maxillary sinus or cancer of the nose. De Jone, Ann Arbor, Mich. 


CaROTID SINUS SYNDROME (CEREBRAL Type). P. H. Rosster, M. Dress_er and 
R. SIMMEN, Schweiz. med. Wehnschr. 70:563 (June 15) 1940. 


The ages of the patients recorded by Rossier and his associates were between 
53 and 69 years. The features almost consistently present in the clinical picture 
of the patients studied were sudden attacks of dizziness accompanied by headache 
and a sensation of scintillation. Other symptoms, varying with the individual, 
were sudden discoloration of the skin of the face, noise in the head or ears, 
cardiac pains, palpitation, dyspnea, loss of consciousness, vertigo on brisk 
movement of the head, temporary paresis of the arm and leg and a bad taste 
in the mouth. Frequent signs accompanying the syndrome of the cerebral 
type included general illness, cardiac degeneration, digitalis intoxication and 
neuroses. In 3 of the 4 cases aortic sclerosis was discovered by roentgenologic 
examination. Cardiographically recorded diagnostic tests by means of unilateral 
and bilateral pressure on the carotid sinus induced the pathologic phenomena of 
dizziness, mental confusion, loss of consciousness and clonic spasms with even 
greater intensity than appeared in the spontaneous attacks. Electrocardiograms 
were made with and without the use of atropine. The authors state that involve- 
ment of the carotid sinus seems to occur with relative frequency but is not 
properly diagnosed. Tests by pressure on the carotid sinus, simple in themselves, 
need to be made with all possible safeguards so as not to provoke unconciousness, 
spasms or physical injury, and should be controlled by blood pressure and electro- 
cardiographic checks. Syndromes of the cerebral type do not yield as readily to 
treatment as do those of the vagal and the vasomotor type, which can be managed 
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by atropine and ephedrine, respectively. However, phenobarbital may be tried. 
All three types respond to anesthetization of the sinus. Roentgen treatments 
should precede attempts at surgical denervation of the sinus. Further investiga- 
tions are necessary for the clarification of intracerebral pathologic conditions and 
of the regulatory processes that seem to inhere in the carotid sinus and gland areas. 


J. A. M.A. 


Treatment, Neurosurgery 


Mopiriep Rapip SINUSOIDAL CURRENT FoR TRIGEMINAL NeurALGIA. B. ULANSKI, 
Arch. Phys. Therapy 21:275 (May) 1940. 


Ulanski reports 100 cases to supplement 65 cases of trigeminal neuralgia 
reported in 1937 in which a modified rapid sinusoidal current was used in treatment. 
In the last 75 cases the current was further changed to one of 43,200 alternations 
per minute. This modification has produced a smoother current, has added to the 
beneficial results obtained and has lessened the amount of discomfort to the patient 
while under treatment. Of the last 100 patients, immediate relief was obtained 
by 85 per cent; 50 per cent of these patients have been free from pain for from 
one to six years. Two had recurrence of symptoms, but additional treatment 
again relieved them. The advantages of the modified sinusoidal treatment of 
trigeminal neuralgia are that patients with typical and atypical forms of the dis- 
ease can be treated at the office or at the patient’s home, there are no after-effects 
(sensory or motor disturbances), the method can be used regardless of any previous 
treatment, there are no contraindications and all divisions of the nerve can be 


treated. J. A. M.A. 


Tue ComBINED ALKALOIDAL TREATMENT OF CHRONIC ENCEPHALITIC PARKIN- 
SONISM. FRANK P. Eves, Brooklyn Hosp. J. 2:150 (July) 1940. 


Eves studied the effects of belladonna alkaloids containing the equivalent of 
the Bulgarian extract which has been in vogue for the treatment of parkinsonism. 
Twenty-three patients were treated, 16 of them having chronic encephalitic parkin- 
sonism and 5 parkinsonism due to vascular disorders; 2 suffered from chronic 
encephalitis and addiction to the use of scopolamine and failed to cooperate in 
treatment. The results in the cases of vascular parkinsonism were not satisfactory. 
In the cases of encephalitis the most outstanding uniform, and first, effect was 
decrease in muscular rigidity. Tremor diminished in all cases, and in the majority 
this improvement was marked. In every instance in which a speech defect existed 
improvement was noted after treatment. Oculogyric crises were in general 
diminished. The 3 patients who suffered from severe and frequent oculogyric 
crises before treatment now experienced only occasional seizures. The mental 
faculties improved in all but 1 of the patients treated. All the patients complained 
of decreased salivation with dryness of the throat, which was readily tolerated. 
The most unfavorable by-effect has been blurring of vision. Of 13 patients with 
chronic encephalitis, 11 showed marked improvement, 1 slight improvement and 


no improvement. ALpers, Philadelphia 


Use or Convutsions IN Psycutatric Practice. A. von BRAUN- 
MUHL, Miinchen. med. Wehnschr. 87:511 (May 10) 1940. 

Von Braunmiuhl directs attention to electrically induced convulsions, a method 
introduced by Cerletti and Bini and subsequently employed by Sogliani and other 
investigators. The correctly dosed electrical convulsion is characterized by imme- 
diate loss of consciousness and instantaneous onset of convulsions. The immediate 
loss of consciousness prevents unpleasant sensations. The electrically induced con- 
vulsions greatly resemble the metrazol convulsions. Whereas chemical convulsive 
agents exert a gradual and indirect stimulus on the parenchyma of the brain, the 
electrical method has an instantaneous and direct effect. This is clearly indicated 
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by the convulsive reactions of the muscle groups of the lower extremities (jumping 
jack movements). The apneic stage of the electrical convulsion is short and respi- 
ration is quickly restored. Nausea or vomiting has not been observed. Surgical 
complications, such as dislocations of the jaw and compression fractures of the 
vertebrae, have been reported. Proper placement of the patient is therefore of great 
significance. A distinct advantage of the electrical convulsion therapy is that the 
veins do not have to be touched. These advantages and the fact that its effects 
are not inferior to those of chemically produced convulsions make the electrical 
method the therapy of choice. The electrical convulsion therapy is valuable in 
testing responsiveness in cases of schizophrenia of long standing and in cases 
in which the course is phasic and relapses are likely. The author thinks that it 
might be possible to prevent the relapses by giving a short series of convulsions 
at intervals of one or two years. Such prophylactic application of electric shock is 
justified, since experiences heretofore have proved it harmless, J. A. M.A. 


Special Senses 


THE PATHOLOGY AND PATHOGENESIS OF SYPHILITIC PRIMARY Optic ArRropHy. 
JosEpH Eart Moore and ALAN C. Woops, Am. J. Syph., Gonor. & Ven. Dis. 
24:59 (Jan.) 1940. 


The striking differences between tabes dorsalis and other types of neurosyphilis 
have led to many theories regarding the pathogenesis of the former. None of 
these are as yet acceptable. Tabes has a longer incubation period than the other 
types of neurosyphilis. It attacks the posterior columns of the spinal cord and 
the rest of the nervous system, producing four types of disturbances: (1) pupillary 
modifications, (2) oculomotor palsies, (3) primary optic atrophy and (4) dis- 
turbances of sensation in the distribution of the fifth cranial nerve. Tabes is 
relatively refractory to specific or nonspecific treatment, and the reagin content 
of both the blood and the spinal fluid is low as compared with the other forms 
of neurosyphilis. A striking absence of the Spirochaeta pallida in the lesions of 
tabes is noteworthy in relation to other forms of neurosyphilis, in which the 
organism is found in large numbers. 

Review of a large series of untreated patients with optic atrophy revealed that 
70 per cent were blind within three years, 90 per cent within five years and all 
within nine years. Although some facts concerning the pathogenesis of optic 
atrophy are known, gaps in the understanding of this condition still persist. It 
has long been recognized that primary optic atrophy associated with neurosyphilis 
occurs most frequently, if not almost exclusively, in cases of tabes dorsalis. In 
many instances it develops before definite evidence of disease of the posterior 
column is obvious. Furthermore, it is striking that optic atrophy is rarely 
manifest in dementia paralytica, a condition in which widespread meningovascular 
and parenchymal changes in the brain occur, but it is frequent when tabes com- 
plicates the dementia paralytic reaction. 

The theory that syphilitic lesions of the blood vessels of the optic nerve cause 
a nutritional disturbance and produce optic atrophy has been advocated by many 
investigators. It has also been suggested that there is a constriction of the vessels 
due to stimulation of the sympathetic nervous system and that a corresponding 
lack of nutrition occurs. No pathologic verification could be ascertained for the 
former theory and no physiologic basis for the latter. Atropine, other vasodilator 
drugs and carotid sympathectomy have been tried, without effect. 

It was thought that various intraocular diseases might result from faulty nutri- 
tion of the optic nerves and retina due to disturbances in the interrelation of 
peripheral arterial blood pressure, retinal arteriolar and venous blood pressure, 
intraocular tension and cerebrospinal fluid pressure. Lauber and Sobanski stated 
that all tabetic persons with primary optic atrophy suffer from peripheral hypoten- 
sion, which in turn produces retinal hypotension. The retinal diastolic pressure 
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falls below its normal level of 40 to 50 mm., to approach the level of intraocular 
tension of 18 to 26 mm. of mercury. When the differential between retinal diastolic 
pressure and intraocular tension falls below 14 mm. of mercury, circulatory failure 
is said to occur and optic atrophy results. Since all drugs used in the treatment 
of optic atrophy lower the systemic blood pressure, certain investigators sought to 
lower intraocular tension by means of drugs, and even by operative intervention. 
The results of later work have been directly contradictory, and no difference has 
been found in the relationship of intraocular tension, retinal diastolic pressure and 
systemic blood pressure in tabetic patients with or without optic atrophy. There 
was such a wide range of observations on normal persons that the personal equa- 
tion of the examiner alone would rule out acceptance of the theory of Sobanski. 

Optochiasmatic arachnoiditis produces optic atrophy by the production of inflam- 
matory tissue, which surrounds, compresses and fixes the optic chiasm to the 
neighboring structures. Causative agents include trauma, encephalitis, sinus infec- 
tion, acute and chronic infections and syphilis. In about 20 per cent of the 
reported cases syphilis is said to be the etiologic cause. A critical review of the 
data concerning the patients with syphilis showed that in a majority of cases 
the evidence for syphilis was inconclusive and sketchy. The diagnosis of optochias- 
matic arachnoiditis is difficult and often can be made only at operation. The only 
treatment is surgical, with release of the adhesions. In tabes the onset is usually 
insidious and often unilateral, becoming bilateral. There is slowly progressive 
failure of vision, leading to blindness. Hemianopia is rare, and the disks are pale 
with clear borders. The pallor of the disks is more marked than the visual failure 
suggests. Disturbances of pupillary reactions and changes in the pupil are almost 
constant, and often involvement of the third, fourth and sixth nerves is found. 
There is damage to the spinal cord and some modification in serologic reactions. 
In optochiasmatic arachnoiditis the onset is often abrupt and usually bilateral, 
leading to blindness in weeks or months. The disease is capricious in that it 
may alternately become arrested and progress spontaneously. Hemianopia is 
common, and the margins of the disks may be hazy. The amount of visual failure 
is out of proportion to the pallor of the disks. The pupils are normal, and the 
cranial nerves are not involved. All serologic reactions are normal. Roentgeno- 
grams may show clouding of the sphenoid and ethmoid sinuses. 

In regard to selectivity of lesions in the central nervous system, it has been 
noted that there is an analogy between tabes and certain neurologic diseases known 
to be due to nutritional deficiency; e. g., subacute combined degeneration, the 
peripheral neuritides, certain vitamin B deficiencies and retrobulbar neuritis. Optic 
atrophy does not occur as rapidly or frequently in the deficiency diseases as it 
does in tabes dorsalis. 

Some experimental work has been done in feeding diets deficient in vitamin A 
to pigs, with development of blindness and incoordination. The addition of 
vitamin A to the diets prevented the condition. The ataxia which develops in 
animals on a diet deficient in vitamin A is often greater than can be accounted 
for by the lesions in the spinal cord. It was found that demyelination and degen- 
eration occurred in the vestibular division of the eighth nerve. On this basis it 
was assumed that vitamin A deficiency may play a part in retrobulbar neuritis. 
Later authors have expressed the belief that the clinical and pathologic pictures 
are produced by a diet deficient in vitamin G (Bz). 

A later series of investigators fed young pigs diets in which all factors were 
included except some of the vitamin B complex. A pathologic picture developed 
which was essentially identical with that of tabes dorsalis in man. Interpretation of 
contradictory findings in work on experimental animals has been difficult. How- 
ever, there is evidence that in the patient certain deficiency diseases may develop 
because of failure to metabolize certain components of the diet and not because of 
any deficiency in the diet itself. Beck, Buffalo. 
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Combined Use of Picrotoxin and Metrazol for Patients with Mental Dis- 
ease. Dr. A. A. Low and Dr. ELizaApetH MacDouGaL.t, Chicago. 

A report is given on 87 patients who received 1,024 injections of picrotoxin 
and metrazol used in combination to produce convulsions. By using a subcon- 
vulsant dose (3 to 5 cc.) of picrotoxin, nausea and vomiting are minimal, while 
fear of treatment is markedly reduced. The preliminary injection is followed in 
fifteen minutes by a convulsant dose (1 to 3 cc.) of metrazol, which insures the 
single convulsion at the desired time. Tolerance to both drugs rises gradually, 
but the ratio of doses of the two substances is kept relatively fixed at 3:2. The 
type of convulsion produced with the combined use of picrotoxin and metrazol is 
identical in pattern with that resulting from the employment of either drug alone. 
Complications (fractures and dislocations) are of the same type as those following 
the use of picrotoxin or metrazol alone, but occur less frequently. The rate of 
complications for the combined method was 0.9 per thousand treatments, as com- 
pared with 2.6 for the metrazol and 4.3 for the picrotoxin method. In view of 
these findings, the combined use of picrotoxin and metrazol is believed to represent 
an advance over the employment of either drug alone for the production of thera- 
peutic convulsions in patients with mental disease. 


Treatment of Mental Disorders with Electrically Induced Convulsions. 
Dr. Victor E. Gonna, Chicago, 

A résumé and history of the different types of the so-called shock treatment 
are given. In view of the untoward complications which may attend all types of 
treatment, it is little wonder that a better method, one that produces the same good 
results and does not give rise to the undesirable complications of metrazol therapy, 
is being sought. The electrically induced shock treatment was developed by 
Bini, in Italy, and its use soon spread throughout that country. England adopted 
it promptly, and the Netherlands followed. Now the United States is in the midst 
of experimentation with it. I have used an original Italian apparatus. 

The patient should fast for at least twelve hours before the treatment and 
should be given no sedative for at least twenty-four hours. To prevent involuntary 
urination, the bladder should be emptied before the treatment is begun. Active 
tuberculosis, cardiac decompensation, renal disorders and acute infectious diseases 
are the most important contraindications to treatment. Indications for the use 
of electrically induced convulsions are the same as those for the other convulsive 
methods. To prevent injury to the vertebrae, the patient is placed in bed with a 
blanket-covered firm wooden base under his back. The electrodes are applied to 
the temples and shaved hair area, and a gauze-covered rubber gag is placed between 
the teeth. A minimum of 300 milliamperes is necessary for the production 
of the convulsions. According to calculations, less than 10 per cent of this amount 
actually reaches the brain. Should the initially applied current not be strong 
enough to elicit a convulsion, the dose of the current is increased as soon as the 
patient shows signs of the return of consciousness. The convulsion is a major 
epileptiform seizure, which almost always starts immediately after the current 
reaches the brain. The patient does not experience any pain and has no recollec- 
tion of the treatment. The cyanosis which develops during the convulsion is 
marked. 
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Two treatments are given weekly. In cases of the depressive phase of manic- 
depressive psychosis 5 or 6 treatments were necessary. In cases of schizophrenia 
18 to 20, and even more, convulsions should be elicited. After the convulsions 
cease the patient is dazed for a while, but in five to ten minutes he becomes con- 
scious. Since March 1940, 40 patients have been treated, with 612 convulsions. 
Of 29 patients with schizophrenia, 58.6 per cent showed complete remission. The 
condition of 20.7 per cent was improved, and that of the same number was not 
improved. Three patients with involutional psychosis recovered completely and 
have been working continuously since their recovery, which took place six months 
ago. Of 8 patients with depressive states, 87.5 per cent recovered. There were 
no untoward complications except in 1 case, in which a woman aged 53, who has 
been institutionalized for seventeen years, had fracture of the heads of both humeri. 
The necessity of following the convulsive treatments with psychotherapy is empha- 
sized. 

The blood sugar content and the white cell count increase after the convulsion. 
Examinations of bone marrow revealed that the increase in the white cell count 
in the blood stream has its origin in the peripheral circulation. 

It is proposed that the equipment be standardized before it is put into general 
circulation and, further, that until electrically induced convulsions are proved by 
the test of time to be harmless, they should not be used for treating mild psycho- 
neuroses which may be cured by other methods. 


Prognostic Observations on Insulin Treatment of Schizophrenia. Dr. 
GERHART Pisk, Elgin, 


Fifty-seven patients with schizophrenia have been observed before, during and 
after insulin treatment. Forty-two of them responded favorably, and 15 showed 
no improvement after treatment. Patients with intractable disease have been 
excluded from the study. Special attention has been paid to general factors, pre- 
psychotic personality and general and specific characteristics of the individual 
psychotic picture, in order to find criteria which would permit the formulation of 
a prognosis of the immediate response to insulin treatment. The presence or 
absence of “oral material” in the premonitory phase or at the onset of a schizo- 
phrenic psychosis seems to be such a prognostic factor. 

Oral material comprises the following features: (1) oral-erotic acts or fan- 
tasies, both with and without apparent guilt reactions, especially when they occur 
in a period immediately preceding overt psychotic symptoms; (2) conspicuous 
changes in “oral habits,” such as anorexia, polyphagia, food fads, sudden appear- 
ance of chain smoking or excessive use of alcohol, or the sudden stopping of such 
habits, and drug addiction (1 case), and (3) paranoid ideas of poisoned food and z 
delusional ideas centering on the mouth, throat and stomach. : 

A survey of the cases led to the conclusion that the presence of oral material . 
seems to be a prerequisite, though not a guarantee, of good response to insulin 
treatment, whereas the complete absence of any oral material seems to warrant a 
prognosis of failure. Oral material should not be evaluated for itself alone, but 
should be considered only in connection with the other dynamic elements of the 
individual psychosis. Although its conception is based on psychoanalytic con- 
siderations, oral material can easily be found and checked by a thorough psy- 
chiatric examination and a careful anamnesis. 

As a corollary to these findings, so-called anal character traits and the 
prevalence of delusions and hallucinations bearing the stamp of anal sadism proved 
to be prognostically unfavorable. 

i “Schizophrenia with depressive features’ seems to respond better to insulin 
coma and “manic-depressive depression with schizophrenic trends” to metrazol 
shock. There is a certain degree of overlapping of oral material and manic- F 
depressive features in a schizophrenic psychosis, but the two fail by far to coincide. me 

As to the psychodynamic aspects of the insulin coma, the “virtual death” in the - 
first phase is believed to be of less therapeutic importance than the stilling—with- 
out incitation of unconscious guilt—of an immense oral craving artificially produced, 
so to speak, in every cell of the organism. 
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DISCUSSION ON PAPERS BY DRS. LOW AND MAC DOUGALL, GONDA AND PISK 


Dr. LapistAus Mepuna, Chicago: Here are papers dealing with different 
means of producing convulsions. A whole series of methods of inducing con- 
vulsions is already known. I may mention, for instance, the picrotoxin, the 
metrazol, the camphor and the electrical shock method. These very different 
means indicate that it is the mechanism of the convulsion that is useful to the 
patient—that it is a matter of indifference to the patient by what means one 
achieves or produces the convulsion, since the biochemical mechanism of the 
convulsion may be the important factor. In this respect a good deal of research 
must be done before one can formulate the final conclusion about the convulsive 
treatment. Important biochemical studies are lacking; no investigations are made 
on the hormones of the patients, which are, I am certain, undergoing a pronounced 
and complicated change during the convulsions. I saw in the United States four 
different types of machines: one in Cincinnati and two in Chicago. I learned of 
a fourth type of machine that is used in Boston. These four types of machines 
produce four types of electric current and four different mechanisms of convulsions. 
It seems to me that at least one of the scientific societies must work out a stan- 
dardization for these machines before the treatment can be suggested for general 
use by the psychiatrist. In the paper on combined use of picrotoxin and metrazol 
I missed important data. I learned that 3 cc. of metrazol has to be administered, 
but nothing about the amount of picrotoxin or the solution used. It seems to me 
in connection with Dr. Gonda’s paper, that the sedatives administered before the 
treatment will influence the threshold of the patient's acceptance of the electric 
current, but he did not say anything about it. 

Dr. J. V. Eptin, Chicago: I must agree with Dr. Meduna that there is great 
possibility of there being variabilities in the machine and because of these varia- 
bilities there may be different reactions and different results. At the Chicago State 
Hospital my associates and I are using the Offner machine. The technic as used 
at this hospital is as follows: The patient is held on a bed similar to that I previ- 
ously described in connection with metrazol therapy, except that the bed now 
has rubber sheets and the attendants in fixing the patient wear rubber gloves. 
The rubber sheets and gloves do not appear necessary, but it is an added precau- 
tion for safety at our hospital. 

After two treatments some of our patients formerly showed noticeable appre- 
hension because of the irritability that was produced by the test button. Scopol- 
amine hydrobromide, 490 grain (0.6 mg.), was given one hour before therapy, 
and the apprehension was noticeably lessened. I am.now using a machine made 
by Offner in which no irritability is produced by the test button. Scopolamine is 
still employed. No increase in milliamperes was needed with the use of scopol- 
amine. The duration of stimulation was standardized at five-tenths second. The 
number of milliamperes was optional. All the therapeutists who have been using 
metrazol acquire a clinical experience and know merely by looking at a patient 
what the dose will probably be. Two hundred to 250 milliamperes produces the 
grand mal attack (the new machine requires 350 to 400 milliamperes). We used 
two types of convulsions in therapy: the petit mal and the grand mal. The petit 
mal seizure induced by electric current differs from that produced by a subminimal 
dose of metrazol in that it carries no excitement, whereas the subminimal dose of 
metrazol produces tremendous excitability. When there are certain contraindica- 
tions I feel that electrical therapy is the method of choice. 

I should like to state that of the 10 patients who were treated with induction 
of petit mal convulsions at the Chicago State Hospital, all of whom had acute 
conditions, 4 recovered. However, later another patient recovered with grand mal 
therapy who I feel would not have done so with the petit mal treatment. The 
grand mal convulsions produced by electrical current are similar to those produced 
with metrazol, except that the first clonic state is absent. To date there has been 
no incontinence with electrical therapy. The effect on the jaws seemed to vary 
with the metrazol method. We _ noticed frequent situations during electrical 
therapy in which the patient closed his jaw very hard and offered no opportunity 
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for insertion of the tongue and lip protector; thereafter we inserted it prior to 
the treatment. (After some 500 additional treatments there seems to be no differ- 
ence in this respect from the effect with metrazol.) 

I want to point out that with the Offner machine apprehension is produced 
with the test button and other difficulties arise with the reset button. In order to 
keep the reset button from jumping out, I start by keeping one finger on the test 
button, another on the reset button and a third on the treatment button. I then 
release the reset button and then the test button, but maintain my finger on the 
treatment button. I thus lessen the necessity for having to reset the machine and 
irritate the patient again with a test treatment. 

I found that some patients who were treated with insulin and did not recover 
did so with metrazol. I also found that patients who did not recover with metrazol 
did so with insulin. Electrical therapy has brought about recovery in some patients 
who had previously shown no response with metrazol or insulin, and, although the 
physiologic effect appears to be the same, I am under the impression that variation 
in therapy produces stimulations elsewhere in order to produce a recovery. 


Dr. CLARENCE A. NEYMANN, Chicago: Dr. Edlin has already stated that there 
is great variation in machines for producing convulsions by passing alternating 
currents of electricity through the head. The machine my associates and I employ 
was constructed by the electrical engineers of the Lewis Institute. It differs from 
Dr. Gonda’s apparatus in containing an additional autotransformer. This produces 
a secondary current. With this arrangement, it is impossible to harm the patient 
if he is accidentally grounded during treatment. Basically, all machines have one 
thing in common. They produce alternating currents of varying intensities. 
Depending on the desire of the operator, a definite number of volts and amperes 
are passed through the head for varying lengths of time. Ordinarily, with 500 
milliamperes or less from one-tenth to five-tenths second is necessary to produce 
a convulsion. 

Little is known about the amount of electricity under a definite pressure that 
will pass through a tissue, and practically nothing is known about how much 
current will actuaily pass through the brain when a definite number of volts and 
amperes pass from the electrode at one temple to that on the opposite side. Some 
English authors have estimated that this is about 1 per cent of the total amount of 
current. They base this calculation on the fact that when an electroencephalograph 
is used the action currents of the brain registered are reduced about 99 per cent 
by the skull and the other intervening tissues. This much is known, that living 
organic tissue does not obey Ohm’s law. The milliammeters of all machines have 
far too much lag to measure the milliamperes accurately. In general it can be 
said that a minimum current of 90 volts acting for one-tenth to two-tenths second 
with about 300 to 400 milliamperes is necessary to produce a convulsion. It may 
be possible that weaker currents will produce convulsions, provided the time is 
extended beyond eight tenths of a second. 

The safety devices in most machines are not valuable. These devices assume 
that the current is passing through a metal or alloy, which obeys Ohm's law. 
However, there are evidently such wide ranges of safety that it is probable that 
no direct and immediate damage will be done to a patient treated with electric 
shock. Nobody can say what the final outcome of this therapy will be, or 
whether damage to the brain will or will not be discovered a year or two after 
treatment. In this connection, it may be said that some authors are convinced 
that the amount of current commonly used in producing convulsions may result 
in damage to the parenchyma of the cerebrum. 

Finally, it is clear that all these machines produce convulsions by alternating 
electrical currents. There is neither any difference in these currents nor a specific 
action of the electrical stimulation, no matter which machine is employed. 

Dr. D. L. Sternserc, Elgin, Ill.: What Dr. Low and Dr. MacDougall have 
presented tonight is somewhat encouraging so far as the problem of convulsants 
is concerned. In the discussion on this paper, Dr. Meduna touched on the advan- 
tage of using subconvulsive doses of both drugs. I think that is important. When 
I used 10 to 15 cc. of metrazol I had some fears about it. If the same results can 
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be produced with limited amounts of the drugs, I believe it is an advantage, 
I should like to ask whether this work has been checked with animal experiments, 
especially in view of our experience with combined use of insulin and metrazol in 
animals. J should like to ask whether the results obtained with this method are 
any better quantitatively or whether the number of remissions is decreased because 
of the so-called elimination of fear. Personally, I do not think that the problem 
of fear in the therapy is as great as has been emphasized. I treated some 300 
patients, and I think that fear is a minor factor. Maybe it is major with out- 
patients, but certainly in an institution this fear can be overcome without much 
difficulty. I should like to know whether there is any explanation for the elimina- 
tion of fear. What is the cause of this amnesia? Is the patient reacting on a 
different level from that during metrazol shock, and is that the explanation? 
Finally, I should like to ask what Dr. Low would say about the therapy with 
scopolamine as conducted by Dr. Edlin at the Chicago State Hospital. 

Dr. H. H. Gotpstern, Chicago: Picrotoxin and metrazol therapy was used in 
the Chicago State Hospital with essentially the same technic as that introduced 
by Dr. Low. I think the therapy introduced by Dr. Low seems to be almost as 
effective in decreasing fear as electrical therapy. 

Dr. Arex. J. Arterr, Chicago: In a series of 20 rabbits given electrical con- 
vulsions, the direct resistance varied from 400 to 10,000 ohms before the convulsion, 
The resistance dropped markedly after each convulsion. The computed resistance, 
based on the peak current and voltage, obtained by means of the oscilloscope, 
varied from 0200 to 0509 ohms, showing that the measured resistance to direct 
current means nothing. The computed peak amperage, at 100 volts, varied from 
71 to 92 milliamperes. 

Since the electrical current is such a simple one, I cannot agree with Dr. Gonda 
and Dr. Neymann about the variable results with different instruments in this 
country or abroad. 


Dr. MacDouGati, Chicago: To answer Dr. Steinberg’s question 
about the amount of picrotoxin contained in the initial injections: The concentra- 
tion is 3 mg. of picrotoxin per cubic centimeter of solution, and 3 to 4 cc., or 9 to 
12 mg., of the substance is injected on the first treatment day. No animal experi- 
mentation was carried out with picrotoxin and metrazol used in combination. 
Minimal doses of both drugs were given to deteriorated patients, and when no ill 
effects were noted the doses were increased gradually until the convulsive threshold 
was reached. As to the therapeutic results as compared with those of picrotoxin 
and metrazol alone, similar rates of recovery were found. There was no evidence 
that elimination of fear of treatment decreased its therapeutic value. We have no 
explanation for the production of amnesia with the combined method, but it seems 
understandable that a drug such as picrotoxin, with its prolonged action, would 
produce less fear and the patient be less likely to recall the injection and after- 
effects than one such as metrazol, which acts almost instantly. As for the use of 
scopolamine before metrazol to decrease fear, we have found it effective in 
approximately one third of our cases, but by no means as efficient in this regard 
as the combined use of picrotoxin and metrazol. 


CHICAGO NEUROLOGICAL SOCIETY 
Harry Paskinp, M.D., President, in the Chair 


Regular Meeting, Nov. 26, 1940 


Herpes Zoster Encephalitis: Report of a Case. Dr. BENJAMIN Bosues. 


Cases of herpes zoster oticus are infrequent, even in large otolaryngologic 
clinics. A case is therefore reported which illustrates Ramsay Hunt’s syndrome, 
with involvement of the seventh and eighth cranial nerves and a meningeal and 
encephalitic reaction. 
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A youth aged 20 had pain deep in the right ear. Subjective symptoms referable 
to the vestibular nerve appeared on the third day after onset and facial paralysis 
on the fourth day. The herpetic lesion started late on the fourth day. Drowsiness, 
headache, photophobia, blurring vision and vertigo occurred on the fifth day after 
onset. 

No focal signs were observed except that the Weber test revealed lateralization 
to the left and hearing was diminished on the right side. The labyrinth was found 
to be nonresponsive on the right side. The cerebrospinal fluid was under 
increased pressure and contained 145 cells (lymphocytes) per cubic millimeter 
and 56 mg. of total protein per hundred cubic centimeters, but was otherwise 
normal. 

Recovery was progressive, and the boy was discharged seventeen days after 
onset, with residual facial paralysis and a nonresponsive labyrinth on the affected 
side. There was recovery from the latter condition, but some residual facial 
paralysis, which was of the deep type, involving the chorda tympani. 

No meningeal signs were observed clinically, a fact in keeping with the reports 
in the literature. The encephalitis was considered to be mild, probably consisting 
only of edema with moderate cellular response, chiefly about blood vessels. 

DISCUSSION 

Dr. Greorce B. Hasstn: Would not Dr. Boshes be satisfied with a diagnosis 
of an ordinary Bell’s palsy, which is frequently associated with severe pain in 
and around the ear and which sometimes extends to the occiput and the cheek? 
Occasionally there is also herpes of the external ear, which, like the pain, as 
has been demonstrated by Ramsay Hunt, is due to the involvement of the genicu- 
late ganglion. Herpes virus encephalitis is rare. I have seen pathologic specimens 
in 2 cases. One was from a man I had seen in consultation several years ago 
at Mount Sinai Hospital. He had herpes zoster of the upper third of the left 
side of the face and a high temperature; he was toxic and incontinent. The spinal 
fluid was normal. Pathologic observations revealed the severest encephalitis I have 
ever seen. The inflammatory phenomena, which were tremendous, especially of 
the white substance, were combined with diffuse meningitis of both the base and 
the convexity of the brain. In addition, there were in the brain foci of degenera- 
tive softening. Such changes are so severe as to preclude the possibility of 
recovery, though they were much milder in the case of Thalheimer. His patient 
was an old woman in whom, as Dr. Boshes stated, the symptoms set in rather 
late after the herpes eruption. In my opinion, Dr. Boshes’ patient had Bell’s 
palsy combined with the geniculate ganglion syndrome of Hunt. 

Dr. BENJAMIN BosHeEs: The reason I differentiated the condition from Bell’s 
palsy in this case was the severity of the boy’s pain. I have seen not a few cases 
in which there was a great deal of pain. Here, however, the distress was so 
out of proportion to the usual pain of Bell’s palsy that I thought there was 
something more than such a condition. The subsequent course substantiated this. 
Offhand, I cannot see why Bell’s palsy localizing in the fallopian canal or deeper 
should evoke a meningeal reaction sufficient to produce over 100 cells per cubic 
millimeter of cerebrospinal fluid, fever, drowsiness, photophobia and other symp- 
toms. The encephalitis in the cases which have been reported was not always 
severe. In some the lesions were mild, with only moderate cellular infiltration, 
edema and vascular cuffing. The case described tonight probably corresponds to 
those in which there was only a mild encephalitic response. 


Abnormalities of the Blood Associated with “Encephalomyelitis” and 
Multiple Sclerosis. Dr. Tracy J. PuTNAmM (by invitation), New York. 


A series of studies, chiefly pathologic and experimental, over the past twelve 
years have shown the following facts: 

1. Lesions produced in animals by various methods, including the injection of 
toxins, mechanical blockage of cerebral venules and introduction of coagulants 
into the systemic circulation, resemble those of “disseminated encephalomyelitis” 
in the acute stage and sclerotic plaques after time for gliosis has elapsed. 
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2. In human pathologic material there are forms of lesions transitional between 
those of “encephalomyelitis” and those of multiple sclerosis, and both may be 
found in the same case. 


3. In practically all cases of acute “encephalomyelitis,” in fresh lesions in 
multiple sclerosis and in organs other than the nervous system in both diseases 
fresh thrombi are to be found, principally in small veins. 


4. In cases of multiple sclerosis striking alterations of clotting time may be 
provoked by injection of typhoid vaccine or epinephrine. 

5. The onset of postvaccinal “encephalitis” coincides with the height of immunity. 

These (and other) facts suggested the hypothesis that lesions of the types 
in question were the result of an abnormal lability of the blood plasma, perhaps 
in some sense of “allergic” nature. This hypothesis led to two series of studies, 
one chemical and one immunologic. 

The most suggestive of various chemical studies was that (carried out by 
Dr. M. G. Gray and Dr. William Orr) in which the citrated plasma, at a fixed 
dilution, was precipitated by the addition of a graded series of solutions of a 
buffered electrolyte. The amount of protein precipitated was read by means of an 
electric nephelometer. The results were expressed by an ascending curve, in which 
the more unstable globulins (fibrinogen, then euglobulin) were precipitated by the 
lower concentrations and the more stable pseudoglobulin and albumin only as the 
concentration increased. The determination was carried out on 35 patients with 
multiple sclerosis and on 32 controls (normal subjects and patients with various 
neurologic diseases). 

It was found that a low level of “fibrinogen” occurred in more cases of 
multiple sclerosis (13) than in the control cases (3). The cases of multiple 
sclerosis in this group were for the most part those of the chronic progressive 
type or those in which a recent severe exacerbation had occurred. 

In the group of cases of multiple sclerosis in which the values for “fibrinogen” 
lay in a relatively normal range, the curves differed little from those in the 
control cases. 

In the two groups of cases in which the “fibrinogen” was high, the “euglobulin” 
portion of the curve in the cases of multiple sclerosis was distinctly higher than 
the corresponding portion of the curve in the control cases. This excess of 
“euglobulin” occurred in the range in which the curve for prothrombin appears 
to lie. 

These studies constitute additional evidence of an abnormality of the blood 
in cases of multiple sclerosis. 

DISCUSSION 

Dr. Georce B. Hassin: Dr. Putnam warned that multiple sclerosis is a 
tough problem, and he proved it. He touched on the experimental and the patho- 
logic phases and wound up with the chemical findings in the disease. A paper 
dealing with so many problems is hard to discuss, and it is to be regretted 
that Dr. Putnam did not give a summary of the modern views pertaining to 
multiple sclerosis. I shall try to do this from my point of view, and not that 
of Dr. Putnam. 

From his instructive slides I concluded that the most important change in 
multiple sclerosis that attracted his attention and that of his able co-workers 
was the condition of the vascular system. Vascular disturbances were long ago 
considered as the possible cause of the histologic changes in multiple sclerosis. 
Thus, in the sixties of the last century Rindfleisch attributed them to abnormal 
arterial factors, and in the nineties Borst, of Munich, emphasized that lymph 
stasis produces rarefaction around the blood vessels and consequent formation of 
patches. During the last decade Dr. Putnam introduced the concept of disturbed 
venous factors, in contrast to the hypotheses of arterial and lymphatic origin. 
The veins become obstructed by thrombi; the flow of the blood is interfered with, 
and this reflects on the parenchyma with the formation of plaques. However, it 
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should be noted that nothing is known of the effect of venous obstruction on the 
condition of the nerve parenchyma, and Dr. Putnam is evidently not worried over 
the fact that no mention of venous thrombosis in general is made in the literature. 
Only Ollivier (d’Angers), cited by Bastian, emphasized that in 1 of his cases the 
veins around (not within) the spinal cord and its roots were thrombosed. Of 
course, venous thrombi, like venous congestion, may be found in multiple sclerosis 
and in other pathologic conditions, such as encephalomyelitis. Dr. Putnam demon- 
strated other venous changes—congestion, accumulation of fibrin and _ blood 
platelets—which, according to him, may cause changes in the parenchyma by inter- 
fering with the circulation of the blood. 

The question arises whether the nerve and vascular changes mentioned are not 
due to the same agents that are responsible for the pathologic condition of the 
blood itself. Some factors introduced into the vascular circulation may cause not 
only thrombi but also changes in the nerve parenchyma, glia and blood vessels, 
depending on the severity of the noxious agents and other factors. The changes 
in the nerve tissues may vary from those seen in encephalomyelitis (inflammatory) 
to formation of patches of softening, the differences depending on the severity of 
the agent as well as on such factors as the character of the noxious agent and 
the condition of the animal. In short, a noxious agent is primarily responsible 
for the various changes, vascular, parenchymatous and glial, which are independent 
of one another. Such a noxious factor may be in the form of chemical changes 
in the blood, as recorded by Putnam and his co-workers, and not an infection, 
which is a common cause of encephalomyelitis. 

There is as yet no agreement as to the essence of the pathologic changes in 
multiple sclerosis. Some think it is an inflammatory disease process of infectious 
origin; others consider it a degenerative process. I am pleased that in all the 
contributions published by Putnam and his co-workers during the last decade 
the inflammatory theory of multiple sclerosis is not mentioned. The impression 
is that they assume it to be a degenerative condition, in my opinion the result of 
chemical changes in the blood, indirectly affecting the nervous system. The facts 
demonstrated tonight by Dr. Putnam may therefore be of tremendous value, ior 
they may ultimately show what multiple sclerosis actually is. 


Dr. ARTHUR WEIL: For ten years I have followed with great interest Dr. Put- 
nam’s work on disseminated sclerosis and have admired the ingenuity with which 
he attacked the difficult problem from various angles. JI remember, when we first 
met in Boston, in 1931, and he showed me his preparations of the brains of 
dogs which had been injected with tetanus toxin, we agreed that some kind of 
endogenous intoxication might be the etiologic factor in disseminated sclerosis. 
At that time I had attacked the problem from a more theoretic point of view. I 
had studied the effect of myelolytic substances on rat spinal cords in test tube 
experiments. It was found that substances like bile salts, snake venoms and 
filtrates from cultures of Streptococcus haemolyticus destroyed both myelin 
sheaths and red blood cells. Others have shown that the injection of such sub- 
stances (as well as bee’s venom) into animals is followed by demyelination in 
peripheral nerves and in the central nervous system (Weil, A.: Effect of Hemo- 
lytic Toxins on Nervous Tissue, Arch. Path. 9:828 [April] 1930). In this 
connection, I was‘interested in Dr. Putnam’s statement that there is an increase 
in hemolytic amboceptor in the blood of patients with disseminated sclerosis. 

After these preliminary investigations, the working hypothesis was conceived 
and tested in patients that if a myelolytic substance is present in disseminated 
sclerosis it should be possible to demonstrate it in the tissue fluids. Together 
with Luhan and Balser, I (Demonstration of Myelolytic Substances in Urine 
and Spinal Fluid in Nervous Diseases, Tr. Am. Neurol. A. 61:142-144, 1935) 
showed that in 69 per cent of all patients suffering from disseminated sclerosis 
the urine contained a peculiar substance which caused fragmentation of myelin 
sheaths of rat spinal cord in test tube experiments in the same way that had been 
observed with bile salts. Such action was also found in the urine of patients 
suffering from postencephalitic parkinsonism, but it was never observed in the 
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urine in cases of dementia paralytica, subacute combined degeneration (associated 
with pernicious anemia) or other neurologic conditions. Recently, Dr. Gert 
Heilbrunn, of the Elgin State Hospital, took up the problem again; 38 (73 per 
cent) of 52 patients with disseminated sclerosis eliminated myelolytic substances 
in the urine. 

My co-workers and I have always been careful not to claim that these myelo- 
lytic substances were the etiologic factor. They. may be, or they may only be 
indicative of another, more generalized disturbance of the body metabolism. In 
this connection it may be pointed out that the content of inorganic phosphorus of 
the blood of patients suffering from disseminated sclerosis is considerably below 
the normal average. Dr. Putnam, too, was careful not to claim that the decrease 
in euglobulin was responsible for the formation of multiple venous thrombi, which, 
as he stated before, produce the pathologic changes in the brain in disseminated 
sclerosis. 

In my own defense, I have to say that Dr. Putnam’s statement that I had 
demonstrated lipolytic ferments in the blood of patients with disseminated sclerosis 
does not conform with the facts. Cleveland and I (A Serologic Study of Multiple 
Sclerosis, ARCH. Neuro... & Psycnrat. 27:375 [Ieb.] 1932) could not substan- 
tiate Brickner’s claim of the presence of such lipolytic ferments, and it seems 
that the myelolytic substances present in the urine are not ferments either, but 
rather act like myelolytic substances related to bile salts. 

If one wishes to draw any conclusions from laboratory findings as to the 
etiologic factor in disseminated sclerosis, such findings must be in harmony with 
the clinical course of the disease and with its pathologic features. One must 
prove that such a hypothetic factor attacks the nervous system in waves, with 
periods of recovery followed by remissions. The etiologic factor must produce 
in the central nervous system demyelination in plaques accompanied by marked 
proliferation of both astrocytes and microgliocytes and the production of a dense 
fibrous scar. It must be present in high concentrations in the cerebrospinal fluid, 
since a point of predilection for ifs attack is the region of the lateral ventricles. I 
doubt whether the postulate of multiple venous thrombosis can fulfil all these 
requirements. Furthermore, I am still convinced of the restricted damage done 
to the myelin sheaths, with relative preservation of axis-cylinders. In good prepa- 
rations one can easily convince oneself of these facts, and I do not think that 
this is merely an “optical delusion.” 


Dr. Tracy J. Putnam, New York: Both similarities and differences exist 
between the histologic picture of multiple sclerosis and that of encephalomyelitis. 
The chief similarities consist in the distribution of the lesions and the fact that 
in both diseases myelin is more damaged than axis-cylinders. The chief difference 
is that the lesion is acute in the one and old and gliotic in the other. The cases 
supposed to illustrate the differences might also be used to illustrate the similarities. 
For example, in Walthard’s case, cited by Dr. Weil, the photograph supposed to 
show loss of axis-cylinders actually shows that many are present. It can be 
duplicated in cases of multiple sclerosis, as Dr. Alexander and I have been able 
to show by means of the Bodian stain, which is a great improvement over the 
Bielschowsky stain. Cysts of softening have been observed in cases of multiple 
sclerosis. In the cases of Cramer and of Schlesinger, which would certainly now 
be recognized as instances of postmeasles encephalitis, with the onset after an 
interval corresponding with that shown in Finley’s table, autopsy revealed typical 
sclerotic plaques. 

In regard to the objection that thrombotic lesions should involve gray matter 
as well as white, I should like to point out that experimental blockage of veins 
and the thrombosis provoked by intravenous injection of coagulants show a decided 
preference for white matter, a fact doubtless explainable on the basis of the 
vascular pattern of the respective tissues. 

Dr. Hassin calls attention to the fact that other authors have reported changes 
in the vascular system, which I should regard as a corroboration of the point of 
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view I have presented tonight. Rindfleisch pointed out the congestion of vessels 
in plaques and stated that they were purplish when freshly cut, later turning to 
bright red on exposure to air. I should take this as evidence of venous conges- 
tion. Ribbert and Borst emphasized the presence of thrombi, and Williamson, in 
1895, and Klingman, in 1919, suggested a theory much like that outlined here. A 
theory is of little use, however, unless it leads to further tests, demonstrations and 
predictions, which my colleagues and I have tried to supply. 


BOSTON SOCIETY OF PSYCHIATRY AND NEUROLOGY 
3RONSON CrotHers, M.D., President, in the Chair 


Regular Meeting, Dec. 12, 1940 


Clinical Experiences with Metrazol Shock Therapy. Dr. Ira C. NicHots, 
Providence, R. I., and Dr. RALPH Wotre, Worcester, Mass. 


We review our experiences with metrazol therapy in preparation for the work 
with electric shock treatments. It is our feeling that the results with schizophrenia 
were disappointing. The affective states offered a more fertile field, with the best 
results in treatment of involutional melancholia. A few neurotic patients were 
treated, with fair success. 

The most serious complication of metrazol seizures was vertebral fracture, 
which was common in our series. We hope that the different mode of origin of 
electric shock will in some way change the pattern of the seizure so that similar 
internal stresses will not be produced. In our series there were 3 cases of severe 
edema of the ankles following the use of metrazol and lasting for about two 
weeks. This symptom, which has not been mentioned in the literature, needs 
further elucidation. We observed 3 cases of severe, but fortunately transitory, 
aphasias complicating the therapy. Such cases have been noted in the literature 
but usually have been lightly dismissed with the statement that all the patients 
recovered. Careful analysis of the cases shows that in practically all memory 
losses and clouding lasted for varying periods after the treatment. We agree with 
the view, which has been previously expressed in the literature, that this “organic” 
change is responsible for the alteration in the psychosis. Faulty patterns of 
behavior are disrupted in their cerebral pathways, and the patient, being unable 
to preoccupy himself with his anxiety, can then readjust according to a non- 
psychotic pattern. Two patients were seen who several months after treatment 
was ended began to have periodic attacks of intense psychomotor restlessness. 
We cannot demonstrate a causal relation, but we have considered the possibility 
of a late sequela of metrazol shock. At least, the disturbance should be carefully 
watched for in the future. Except for the possibility of chronic damage, as already 
suggested, the organic changes are not of a permanently debilitating nature, for 
patients in our series have returned to the community to take up the most exacting 
types of intellectual work. 

We hope that all workers taking up the electric shock therapy will compare 
their new experience with the body of observations amassed in metrazol treat- 
ment and that by this means one will come to a clearer understanding of the 
mechanisms involved in the general problem of shock therapy. 


DISCUSSION 


Dr. C. Macrie CAMPBELL: My associates and I at the Boston Psychopathic 
Hospital have not employed this method except in a limited number of cases. Two 
patients in a small series had permanent, though minor, neurologic residuals which 
made us pause. We were also impressed by the experimental studies made with 
metrazol which showed definite cortical lesions, and we could not altogether 
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disregard reports of vertebral and other fractures, of which some have been of 
rather drastic and tragic nature and some may not have been described in the litera- 
ture. Also, the divergent claims from other sources have made us uncertain what 
the real situation is and what sort of patients are being treated. We had at first 
optimistic claims in regard to the treatment of schizophrenia, which were later 
qualified by results with over 1,000 patients treated with metrazol in New York 
state hospitals which showed that after therapy the patients were in an even poorer 
state than those treated by other methods. Even now, one hears glowing reports 
from Japan. I think, therefore, that the outcome of metrazol treatment is uncer- 
tain. Further material is needed. If it is found to be especially beneficial with 
patients who will recover in any case, one wonders just how far it hastens the 
recovery. These are topics about which I still feel a great deal of uncertainty. 

The authors close with a reference to patients who would otherwise be in 
institutions for life. Few patients with involutional melancholia are in institutions 
for life, if one follows them long enough. Kraepelin, assuming a bad prognosis, 
classified patients with this condition in a separate category from those with manic- 
depressive psychoses; his own pupil Dreyfus found that a large percentage of 
patients with involutional melancholia recovered; some later even had manic 
attacks. One should welcome all careful clinical studies, with statements as to 
method of treatment and prolonged follow-up data, for it is only with such material 
that one can make conclusions. 

The enthusiasm aroused by these methods is not without danger. One now sees 
references to treatment of psychoneuroses with metrazol and hears that persons with 
conversion hysterias developing during air raids in England are helped by the 
treatment. Rankin Good, in Glasgow, says one must not be frightened by cardiac 
complications; he claims that the treatment might really benefit patients with 
angina. One such patient was much better a week after he had had the metrazol 
treatment. J think one needs just such material as Dr. Nichols and Dr. Wolfe 
have given us. 

Dr. WirFrep BLoomBerc: One of the difficulties concerned with the reports 
on metrazol has been the tendency to record patients as greatly improved and 
nothing else. Dr. Nichols has avoided this in his report of the physician who had 
gone back to as well integrated a practice as before, but the first patient in the 
series was discharged as “greatly improved.” 

Wile’s recent report and those of Finley and Brenner may be of interest in 
that they show that this reaction may not be as reversible as it appears. 

Dr. Rospert ScHwaAs: It is well known that frequent convulsions often pro- 
duce after some years cortical atrophy and enlarged ventricles. Is there any work 
in which air injections have been made before metrazol was given and have been 
repeated six months later? 

Dr. Ira C. Nicuors, Providence, R. I.: In regard to Dr. Campbell’s comment 
on the experimental approach: Although we did not discuss it in our paper, we 
have reviewed the literature on animal experimentation. The reports are some- 
what varied, but the general consensus is that there is a definite structural damage. 
In our human material we have seen evidence of transitory organic damage, and 
there is a hint in 2 of our cases that some “‘irritative’’ phenomena may remain. 
The case of the physician was included to show that shock therapy is not incom- 
patible with return to an active professional life. 

Dr. Campbell has spoken of the fact that patients suffering from involutional 
melancholia tend to recover if one gives them time enough. However, we have 
seen patients who.seemed very much “stuck” in their psychoses and did not show 
any progress toward recovery until shock therapy was instituted. When one is 
faced with the situation of an illness which by accepted criteria may last for many 
years and there is hope that treatment may alleviate the condition in four to six 
weeks, the temptation is strong indeed to employ the active therapy rather than 
to stand aside and wait on the slow passage of time. 
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Dr. Schwab asks if there are any reports on air encephalographic studies before 
and after treatment. As far as I know, such a study has not been done, but it 
would make a good approach to the solution of the problem of the degree and 
distribution of possible atrophy. 


Endocrine Abnormalities in Childhood. Dr. Josep C. Aus, Dr. Ira T. 
NATHANSON and Miss Loris Towne. 


In our laboratories we have established definite levels of estrogen and androgen 
in the urine in children of both sexes varying in age from 3 to 14 years. This 
study was based on multiple assays on 104 children who, as far as could be ascer- 
tained, were normal. With this as a base line, the urinary excretions of estrogen 
and androgen in patients both with precocious and with delayed puberty have been 
studied to determine their relation to the normal range. 

The excretion of hormones may become extremely high, with abnormal 
androgen-estrogen ratios, in cases of tumors of the sex glands or of the adrenal 
glands, while stimulation of the pituitary gland appears to produce normal adult 
levels of excretion, even in very young children. In physiologic precocity or in 
delayed puberty the excretion of the hormones parallels the physical development 
of the child rather than the actual age. Since the elevation of the hormone levels 
and a cyclic excretion of estrogens in girls precede by some months the first 
appearance of secondary sex characteristics, these analyses may be of importance 
in prognostication. Similar aid can be obtained in conditions in which menstrua- 
tion has ceased, such as anorexia nervosa. In this disease the estrogens may fall 
to the 6 year old level and remain there. 

It is possible that these endocrine relations may be of interest in the field of 
psychiatry, particularly in regard to emotions. It is important to remember that 
in males there is no apparent cyclic excretion either of 17-keto steroids (which 
include the androgens) or of estrogens in the urine. In the female, however, 
there is no cyclic excretion of 17-keto steroids but a marked cyclic excretion of 
estrogens. One or two determinations of estrogen excretion in the female, there- 
fore, are of little value unless carefully spaced with respect to the menses. It is 
also important to remember that the normal rate of excretion in adults and at the 
menopause has not been adequately determined. Normal variations would appear 
to be of great significance in reaching conclusions as to abnormal rates. Our work 
suggests importance in the relation between excretion rates for the estrogens and 
those for the 17-keto steroids. ‘Thus, the physical characteristics of dystrophia 
adiposogenitalis in the male seem to be reflected in the finding of relatively normal 
excretion rates for estrogen but relatively low excretion rates for androgen. This 
ratio may develop into a functional test of value. 


DISCUSSION 

Dr. Attan M. Butter: One should be hesitant in making a diagnosis of 
Frohlich’s syndrome. As the authors indicate, such a diagnosis is made far too 
often. Simple criteria, I think, can be obtained which will give a clue as to 
whether one should entertain the possibility of such a condition. In the first case 
of Aub’s most of those criteria were fulfilled. The child was short; the bone 
age was retarded, and there was a more than’ normal amount of adipose tissue. 
The dextrose tolerance curve was flat. The authors, in measuring the amounts of 
androgen and estrogen, found they were not increased, and apparently were below 
the normal for his age. Even before one makes the diagnosis of the Frohlich 
syndrome in such a case one should consider other possible causes of retarded 
growth, such as inheritance, chronic infection or gastrointestinal disturbance. In 
addition, one has to be careful in the appraisal of adiposity. Retarded children 
tend to appear fat, and the abdomen is large. 

Of course, the great majority of fat children are those whose development is 
precocious, not retarded. Their height is increased for their age, and their bone 
age is advanced. They tend to mature early, and the diagnosis for such children 
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should never be that of Frohlich’s syndrome. It is important to emphasize that 
such children with increased growth and development should not be thought of 
in terms of the Frohlich syndrome or of endocrine therapy. 

In all cases one should rule out the possibility of tumor, with production of 
endocrine hypofunction or hyperfunction. The cases of tumor that the authors 
have reported emphasize the importance of this point. 


Dr. H. Houston Merritt: Has Dr. Aub any information as to whether the 
androgens represent a constant proportion of the 17-keto steroids excreted in the 
urine? I should also like to ask what is the status of the pineal gland in relation 
to precocious puberty? 


Dr. James B. Ayer: It has been said that in females there is no association 
between precocious puberty and pineal tumors but that in males it is fairly con- 
stant. I wonder if Dr. Aub has made any tests to corroborate this. I had a 
patient, a girl of 18, with a pineal tumor who appeared normal but had never 
menstruated. Of course pineal tumor was not the only possible cause. However, 
in my experience in a limited number of cases of pineal tumors the statement 
about the sexual difference in the relation of these tumors to precocity is correct. 


Dr. JosepH C. Aus: I agree with Dr. Butler that one has to make a diagnosis 
of Frohlich’s syndrome with caution. I do not know what the primary lesion 
of Frohlich’s syndrome is or what is the relation of the pituitary gland or the 
hypothalamus to the metabolism of fat. There is a good deal of evidence in the 
literature for such relation. There is a group of children with a definite picture 
of obesity, delayed puberty, delayed growth and ossification, a lowered metabolic 
rate and high tolerance for sugars. This seems to me an adequate clinical picture. 
The reason for objecting to the syndrome as a disease is that so many of the 
patients get well spontaneously, at the time when they develop sexually. Many 
girls lose weight after maturity without special diet or other means. I do not 
know why this happens. It is clear that the anterior lobe of the pituitary gland 
has much work to do at the time of puberty, and it may well be that all its func- 
tions are not equally active. These retarded children show definite diminution in 
their androgen and estrogen excretion rates. I have tried to show that this was 
more marked in respect to the 17-keto steroids than to the estrogens. This may 
account for the feminine configuration which they have. As to the cause of their 
obesity, I should be the last to theorize. 

In reply to Dr. Merritt and Dr. Ayer, I have never studied a patient with a 
primary pineal tumor, but I have reviewed the literature and have come to a rather 
strange conclusion. The pineal tumors that produced what looked like endocrine 
changes were all of sufficient size to stimulate the intermamillary region. It is 
possible that the pineal tumors promote growth and sexual development by stimu- 
lating nerve tracts which influence the secretions of the anterior lobe of the 
pituitary gland. I do not know what the pineal gland does and doubt whether it 
functions as an endocrine gland, but when it is enlarged it could have secondary 
effects on neighboring nerve structures. 

We are not yet sure whether the androgens represent a constant proportion 
of the 17-keto steroids excreted. 

It seems to me that a study of children who have abnormal endocrine outputs 
would be an interesting field of endeavor. It might be interesting to see what 
psychologic effects these abnormal but spontaneously produced endocrine activities 
have on emotional development. Frequent chemical determinations of the hormone 
excretions are not necessary, since the physical development of the child gives a 
fair index of their rate. What effects the level of hormones might have on the 
psyche of normal children seems to offer a good opportunity for study, on the 
whole better than the relation to frank psychiatric difficulties. 
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